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SUMMARY 


Design charts are presented for 24S-T (hare sheet) and 75$ "T 
(Alclad sheet) aluminum -alloy flat compression panels with 
long! tudinal extruded Y -section stiffeners. In addition, comparisons 
are made among panels designed from these charts and 2hS-T aluminum- 
alley panols having formed Z -section stiffeners designed from 
available design charts . The comparisons indicate that, if the ratio 
of intensity of loading to sheet thickness is relatively high, the 
charts presented may be used to design a Y -stiffened panel in either 
2t3-T or 75$ "T material which is lighter in weight than a Zi+S-T 
Z -stiffened panel designed from the available charts to meet the 
same conditions. The amount of weight saving depends upon tho 
specific design conditions and is greatest for the 75S-? Y -stiffened 
panels. The comparisons also indicate that the 2hS-T Y -stiffener 
will have a height somewhat greater than the comparable 2 1+3 -T 
Z -stiffener or 75$ "T Y -stiffener; the height of the 21+S-T Z -stiffener 
generally is the smallest. In addition, the comparisons indicate 
that the average spacing of rivet lines is generally somewhat less 
for the 21+S-T Y -stiffened panels than for the 2kS -T Z -stiffened 
panels or for the 75$ -T Y -stiffened panels; the average spacing 
generally is greatest for the 21+S-T Z -stiffened panels. If the 
ratio of intensity of loading to sheet thickness is relatively low, 
however, the comparative designs indicate that a 248-T Z -stiffened 
panel designed from the available charts wild be slightly lighter in 
weight than a Y -stiffened panel of either 2liS-T or 75S “T material. 

If the present design charts are extended to lower values of the 
ratio of stiffener thickness to sheet thickness to cover the region 
of heavy sheet thickness more thoroughly (where the ratio of intensity 
of loading to sheet thickness is relatively low), a Y -stiffened -panel 
design in this region will probably compare more favorably with a 
Z -stiffened -panel design than the charts presented indicate. If no 
sheet thickness is specified so that the design may have optimum 
proportions, it is concluded that both the 24S-T and 75$ "T Y-stiffened 
panels will be lighter than the 2hS-T Z -stiffened panels throughout 
the range of design conditions investigated. 
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INTRODUCTION 


The problem of the design of wing compression panels of minimum 
weight is one that has confronted aircraft structural engineers since 
the advent of s tressed-skin construction. Although the final solution 
of this problem ha 3 not yet been achieved, progress has been made 
toward its solution a3 the cumulative result of numerous theoretical 
and experimental studies to determine "optimum proportions " and 
"efficient" stiffener shapes. 

Recently two such studies (references 1 and 2) have established 
a type of plot which appears particularly useful in connection with 
the design of wing compression panels of minimum weight. Reference 1 
presented a theoretical comparison of the efficiencies of various 
stiffener shapes by plotting the average stress at failure - an inverse 
measure of the weight - against a parameter containing the main 
design conditions, the load per chordwi3e inch of panel, and the 
effective length of panel. Reference 2 used the same type of plot 
to provide design charts for Z -stiffened panels based on extensive 
test data, from which the optimum proportions can be determined for 
a particular design. 

Study of references 1 and 2 reveals that if panels with 
longitudinal stiffeners are to have high structural efficiency a 
stiffener shape is required which has both high-column strength 
and local-buckling strength. Because a stiffener in the shape of 
a Y appeared more nearly to meet this requirement than the 
Z -section or hat-section stiffeners of references 2 and 3 , an 
investigation was made in the Langley structures research laboratory 
of the National Advisory Committee for Aeronautics to determine the 
compressive strength of panels having Y -section stiffeners. Both 
2hS-T (bare sheet) and 753 -T (Alclad' sheet) aluminum-alloy panels 
were tested in this investigation. The results of these tests are 
presented herein in the form of design charts similar to the design 
charts for panels with Z -section stiffeners of reference 2. 

In order to show the relative structural efficiencies of 
Y -section and Z -section stiffeners, comparisons are also presented 
of panels of both types designed to have the minimum weight required 
to meet a large range of loading conditions . 
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SYMBOLS 


The symbols used, to represent the various dimensions of the 
panels are shown in figure 1. In addition, the following symbols 
are used: 

'0 f average stress at failing load, k3i 
c cr stress for local buckling of the sheet, ksi 
a cy compressive yield stress, kei 

P i compressive load per inch of panel width, kips per inch 

coefficient of end fixity as used in Euler column formula 

A^_ cross-sectional area per inch of panel width, cr equivalent 
thickness of panel, inches 

<f f shortening per unit length at failing load 

p radius of gyration, inches 

Ij_ moment of inertia per inch of panel width, cubic inches 


TEST SPECIMENS AND PROCEDURE 


The test specimens were constructed with six stiffeners and 
five bays as shown in figure 1 . Three sizes of stiffeners were used 
that corresponded to values of b, r /t of 20, 25, and 30 with the 

nominal value of ty held constant at 0 . Oo-f- inch (see fig- 2 ) and 

various values of ty/tg were obtained by varying the sheet 

thickness. The stiffeners were riveted to the sheets with AI7S-T flat- 
head rivets (ANL 42 AD) on all panels. 

Values of the with -grain compressive yield stress for the 
material used for the sheets (bare sheets were used for the 24 S-T panels 
and Alclad sheets for the 75S-T panels) and for the extrusions are 
given in table 1. The values of compressive yield stress for the 
extrusions represent the average values for specimens cut from the 
three webs end tho outstanding flange of the Y-section extrusions at 
the locations shown in figure 3 * Values of the compressive yield 
stress for the material used to construct the Z -stiffened panels of 
reference 2 are also given in table 1 for comparison. 
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The test procedure was essentially the same as that used in 
other panel tests in the Langley structures research laboratory. 

(See references 2 and 3 • ) The panels were tested flat-ended without 
side support (because their transverse stiffness was small) in a 
hydraulic testing machine having an accuracy of one -half of 
1 percent of the load (See fig. 4.) The stress for local buckling 
of the sheet was determined by the "strain -reversal method. " A 
discussion of this and other methods of experimentally determining 
the stress for local buckling is given in reference 4. For panels 
having a greater width of sheet under the Y's than between the Y's, 
strain gages were mounted inside the stiffeners, as indicated in 
figure 5. The ends of the panels were ground flat and parallel, 
and tho method of alinement in the testing machine was such as to 
insure uniform bearing on the ends of the specimens . An end fixity 
coefficient of 3-75 has teen indicated for such panel tests in this 
machine, and this value was therefore used in reducing the test data. 

Proportions of the specimens and test data - including values 
of the ratios of rivet diameter to sheet thickness d/t g and pitch 

to sheet thickness p/tg, average stress at failing load cr^, and 

unit shortening at failing load - are given in tables 2 to 4 . 

The unit shortening was measured as the average of the strains 



gages mounted on the quarter points of the second and fifth stiffeners, 
as may be seen in figure 4. 

Figure 6 shows a 2te-T aluminum -alloy Y -stiffened panel and its 
75S -T counterpart after failure . There tended to be a greater 
shattering of the 75 s -T panels than of the 24S-T panels. 


DESIGN CHARTS 

Design charts for panels with extruded Y -section stiffeners 
are presented in figures 7 to 11 for 24S-T and in figures 12 to l 6 
for 752 ~T aluminum alloy. These charts were prepared from the 
test data of tables 2 to 4 in a manner similar to that described 
in the appendix of reference 2 for Z -stiffened panels. The use 
of design charts of this type is described fully in reference 2 , 
and a procedure similar to that given in reference 2 for designing 
a panel for maximum structural efficiency (minimum weight) by use 
of the charts is included in appendix A of the present paper. This 
design procedure makes it possible to achieve the balance for given 
values of Pj , L/'fc, and tg between the proportions which 
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■will produce the highest average stress at failure and the proportions 
vhich -will make the area such that the failing stress is just 
reached at the design load. 

A comparison of the curves of the design charts and the test 
data from vhich the curves were derived indicates that the stresses 
given by the curves of the design charts for both the Y-stiffened 
panels of the present paper and the Z-stiffened panels of reference 2 
are on the whole very slightly less than the stresses given by the 
test data. For both stiffener types, however, there are regions on the 
design charts in which the curves are interpolated or extrapolated 
far from the test data, and in these regions the accuracy of the charts 
is probably less than that indicated by the comparisons of curves and 
data. The region of the Y-stiffened-panel charts for which there 

is the least test data is that for = 0.40 at wide stiffener 

spacings. (See figs. 7 and 12.) Slightly greater caution should be 
exercised in the use of the charts in this region than elsewhere in 
the design charts. The region of the Z-stiffened-panel charts for 

which there is the least test data is that for — = 1.00 at close 

stiffener spacings. In this region, additional unpublished test 
data have indicated that the curves may be as much as 5 or 6 percent 
too high. 


GENERALIZED COMPARISON OF Y-STIFFENED PANELS 
AND Z-STIFFENED PANELS 


Without restrictions on the Bheet thickness .- If there are no 
restrictions on the sheet thickness that may be used, Y-stiffened and 
Z-stiffened panels may be compared by envelope curves faired over 
the curves of their design charts . Such a comparison of envelope 
curves is shown in figure 17 • Because the average stresses at 
failing load for the envelope curves for the Y-stiffened panels of 
both 24S-T and 75S-T material are above those for the Z-stiffened 
panels, the Y-stiffened panels of optimum proportions are evidently 
lighter in weight than the Z-stiffened panels of optimum proportions 
throughout the range covered by the present design charts. 

With restrictions on sheet thickness .- The sheet thickness needed 
to achieve the stresses of the envelope curves of figure 17 are fixed 
for any given intensity of loading by the proportions required by the 
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envelope curves. In the design of wing compression panels, however, 
the sheet thickness is often' fixed by other considerations such as 
torsional stiffness of the wing. Accordingly, curves which show the 
effect of a variation in sheet thickness should provide a more useful 
evaluation of the relative structural efficiencies of Y- stiffened 
and Z- stiffened panels than do the envelopes of figure IT > therefore, 
figures 18 to 20 were prepared. In these figures, the average stresses 
at failure Of carried "by Y- stiffened and Z-stiffened-panel designs, 
selected for minimum weight according to the procedure given in 

apuendix A, are plotted against the parameter — ^ for a series of 

values of — — A discussion of this type of plot is given in 

h//c 

appendix B. 

The chief importance of figures l8 to 20 is that the figures 
indicate directly the average stress at failure df carried by the 
minim’mi-weight designs of Y-stiffened or Z-stiffened panels which can 
be achieved within the large range of proportions covered by the 
design charts for given values of Pi, L//c, and tg. The effect 
of a change in any one of the variables 3f, P^, l/ / c', and tg on 
any of the others, therefore, may be studied from these figures. For 
example, consider the effect of a change in tg on the value of ‘5-p. 
The relative flatness of the curves at the higher va3.ues of Pi/tg 
indicates that the sheet thickness can be varied over a rather large 
range with very little change in the value of df which can be 
achieved. 


A comparison of figures 18 to 20 brings out the following facts: 


(l) Minimum- weight designs of both 24-S-T and 75S-T Y-stiffened 
panels are lighter in weight (carry higher stresses) than minimum- 
weight designs of 24S-T Z-stiffened panels in the region of high 
values of P-j/tg (thin sheet)} but the Z-stiffened designs are of 

slightly lighter weight in the region of low values of Pi/tg (thick 


sheet) . No sharply defined boundary exists between these two regions 
Instead, there is a range of values of Pi/tg, which varies 


with 


Pi 

Wj* 


for which the curves of figures 18 to 20 coincide. 


(2) The actual amount by which the Y- stiff ened-panel design is 
lighter than the Z-stiffened panel (or vice versa) varies somewhat 
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P. P. 

erratically as the design conditions — — - and — — are varied 

1/fc h3 

"because of the cu3ped nature of tho curves. 

(3) The value of which produces the minimum -weight design 

Pt 

for given values of — 1 — and — is smallest for the 75S *T' Y -stiffened 

L/l/c~ % 

panels and largest for the 24S~T Z -stiffened panels. 


COMPARISON OF MINIMUM -WEIGHT HESIGNS OF Y -STIFFENED 
PANELS AND Z -STIFFENED PANELS 


A 3. though figures 18 to 20 show in a general way the relative 
structural efficiencies of Y- and Z -stiffened panels, probably the 
best way to evaluate two types of panel construction is to compere 
panels of each type designed to meet the same conditions. A 
comparison of this nature permits consideration of each of the many 
factors which influence the choice of the most desirable construction 
for a given situation, such as the number of rivet lines, the space 
required for ‘tho stiffeners , and the distance from the outside surface 
of the sheet to the axis of the center of gravity of the panel. 

A series of comparative designs of Y- and Z -stiffened panels, therefore, 
was made in a manner similar to that used in making the designs from 
which figures 18 to 20 were prepared. Four values of P^, namely, 2.0, 

3*0, 5-0, and 8.0 kips per inch and also four values of L, namely, 10, 
20, 30, and 4C Inches were used for the comparative designs. The end 
fixity coefficient c was assumed equal to 1 in all cases. 

In making the coxaparative designs, obtainment of extruded 
Y-stiffeners in the thicknesses required by the designs was assumed 
possible. A minimum thickness in which these shapes can be 
successfully extruded exists, however, and this minimum thickness i3 
probably above the thickness required for many of the designs for 
which P^ is equal to or less than 3*0 kips per inch. The reasons 

for retaining these designs are (l) they may be scaled up for 
higher intensities of loading for which the minimum thickness that can 
be extruded is- no longer a limitation, and (2) to emphasizo the fact 
that if the intensity of loading is low, the Y -stiffener will not 
be satisfactory simply because it cannot be obtained. 

Numerical values of the properties of the comparative designs 
for all values of t^/tg covered by the design charts are given in 

tables 5 to 8. The values for the particular ratio of t y/t^ for 
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which minimum weight is achieved are enclosed in parentheses . In 
order to show graphically the general variation of the proportions 
of these designs as the panel length and the sheet thickness are 
varied, figures 21 and 22 have "been prepared. These figures present 
cross-sectional views, drawn to scale, of some of the minimum-weight 
designs of Y- stiffened and Z -stiffened panels for = 5 .0 hips per 
inch (table 7 ) • 


The comparative designs were made according to the procedure 
given in appendix A except that all values of ty/tg given "by the 

design charts were investigated for each design. Because the design 
charts cover only a limited range of proportions, the comparisons 
between the designs are in some cases affected by the limited range 
of proportions covered by the charts. With this qualification, 
comparisons of the minimum-weight designs of tables 5 to 8 and 
figures 21 and 22 show that: 


(1) At relatively high values of Pi/tg, which are associated 


with thin sheets, the average stresses at failure of for both the 
24S-T and the 75S-T Y-stiffoned panels are greater than those for the 
24S -T Z-stiffened panels, and these stresses indicate that less weight 
is required for the Y-stiffened than for the Z-stiffened panels, the 
least weight being required for the 753-T Y-stiffened panels . On the 
other hand, a.t relatiavely low values of P^/ tg, which are associated 

with thick sheets, the average stresses at failure Ff for both the 

243-T and 75S"f Y-stiffened panels are slightly less than those for 
the 24S-T Z-3tiffened panels, and these stresses indicate that the 
Z-stiffened panel is slightly lighter in weight. The magnitude of 
the difference in weight between the two types of panel varies with 


the values of P^/tg and 



(2) The height of the stiffeners II is generally somewhat 
greater and, hence, consumes more space inside the wing for the 
243-T Y-stiffened panels than for the 24S-T Z-stiffened panels or for 
the 75 3 * S "P Y-stiffened panels } the height of the 24S-T Z-stiffened 
panel generally is the smallest. 


( 3 ) The average spacing of rivet lines S is generally somewhat 
less and, hence, requires more rivets for the 243-T Y-stiffened panels 

than for the 24S-T Z-stiffened panels or for the 75S-T Y-stiffened 

panels} the average spacing generally is greatest for the 243-T 
Z-stiffened panels. 
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(M Only if the values of "both P i /t g and ll are relatively 

L/ /c 

high does the value of the stress for local "buckling of the sheet 
c cr tend to he higher for the 24S-T or 75 S-T Y -stiffened panels 

than for the 24s -T Z -stiffened panels. 

(9) The distance from the outside surface of the sheet to the 
axis of the center of gravity of the panel h, which tends to reduce 
the effectiveness of the panel to resist bending of the wing, is 
generally greater for the 24S-T Y -stiffened panels than for the 
24-3 -T Z -stiffened panels or for the 75S ~T Y-stif'fened panels; the 
distance h generally tends to he smallest for the 24S-T 7, -stiffened 
panels at low values of Pj/tg (thick sheet) and smallest for the 
753-T Y -stiffened panels at high values of Pi/tg (thin sheet). 

(The magnitude of the reduction in effectiveness’ of the panel to 
resist bending of the wing depends on the thickness of the wing. 

The thinner the wing, the greater the reduction . ) 

( 6 ) The value of the radius of gyration p is generally 
greater (and also the value of p 2 A i = I i is generally greater) 

for the 24-S-T Y-stiffened panel than for the 24-S-T Z-stiffened 
panel or for the 75S-T Y-stiffened panel; generally, p tends 
to be smallest for the 24S-T Z-stiffened panels at low values 
of P-^ /t g (thick sheet) and smallest for the 75 s -T Y-stiffened 
panels at high values of Pj /t g (thin sheet). (The greater the value 

of p 2 Ai, the greater the effectiveness of the panel to resist 
local air loads . ) 


EFFECT OF SMALL DIFFERENCES IN TEST SEECIMENS ON THE COMPARISONS 
OF 2 te-T Y-STIFFENED AND Z-STIFFENED PANELS 


Only small differences occurred be tween the test specimens for 
the 24s -T Y-stiffened and Z-stiffened panels. Differences occurred 
in material properties, diameter and pitch of rivets, and range of 
proportions of the elements of the panels actually tested and hence 
the proportions covered by the resulting design charts . 

The effect of these differences on the comparisons of 24S-T 
Y -stiffened and Z-stiffened panels are discussed in the following 
sections . 


Effect of material •properties . - If the material properties of 
the Y-stiffened panels and 'the Z-stiffened panels had been identical, 
would the comparisons have been more or less favorable to the 
Y -stiffened panels 7 Table 1 indicates that the average compressive 
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yield stress of the material used for the Z -stiffened panels and 
that of the material used for the sheets of the 24S-T Y-stiffened 
panels vere identical hut that the average compressive yield stress 
of the extruded Y-stiffeners as measured was between 3 and 4 percent 
less than that of the Z -stiffeners before forming. Because forming 
tends to raise the compressive yield stress (see reference 5 ), the 
average properties of the formed Z -stiffeners were probably more 
than 3 percent above those for the extruded Y -stiffeners. Accordingly, 
it may be inferred that if the Y-stiffeners and the Z -stiffeners 
had had identical properties - as might have been obtained if 
extruded Z -stiffeners had been used, for example - the 2i|S-T 
Y-stiffened panels tested would have increased in strength relative 
to the Z -stiffened panels, and the comparisons would have been more 
favorable to the Y-stiffened panels . 

Effect of riveting .- If the riveting of the Y-stiffened panels 
and the Z -stiffened panels had been identical, would the comparisons 
have been more or less favorable to the Y-stiffened panels? A 
comparison of rivet proportions listed in tables 2 to 4 with those 
of reference 2 indicates that the Y-stiffened panels were more strongly 
riveted than the Z-stiffeiied panels. Reference 6 shows that the 
strength of short panels having close stiffener spacing increased 
with an increase in the diameter of the rivets and also increased with 
a decrease in the pitch of the rivets. Subsequent tests have indicated 
that as the length of the panel is increased the size and pitch of 
rivet 3 have progressively less effect on the strength of the panel 
until the panel strength may actually decrease with an increase in 
the strength of riveting. If the Y -stiffened panels and Z-stiffened 
panels had had identical riveting, therefore, the comparative designs 
would probably have come out less favorable to the Y-otiffened panel 

in the case of the short panels ( high values of _ 2 li — ) and possibly 

V L/Vc7 

very slightly more favorable to the Y-stiffened panel in the case of 


Effect of -panel •proportions . - If proportions of Y-stiffened 
panels or Z-stiffened panels different from those tested and, hence, 
those covered by the resulting design charts had been considered, 
would the comparisons have been more or less favorable to the 
Y-stiffened panels? It can be seen by inspection of tab3.es 5 to 8 
that: 

(l) The lightest weight 24S-T Y -stiff ened-panel design for a 
given set of design conditions often requires a stiffener which 
is 2 sheet gages thinner than that for the comparable Z -stiffened - 


the long panels f low values of 
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panel design. (This agrees with the fact that the value of ty/tg 

for minimum weight is smaller for the Y -stiffened panel than for the 
Z -stiffened panel. See figs- l8 to 20.) Also, the present charts 
do not cover a large enough range of proportions to permit a 
Y -stiffener more than 1 gage thinner than a Z -stiffener in the 
region of heavy sheet thickness . If the design charts were extended 
to cover lower values of the ratio ty/tg so that a Y -stiffened -panel 

design could always he made which had a stiffener 2 gages thinner than 
the stiffener for the best Z -stiffened -panel design, then the 
Y -stiffened -panel design would probably be less inferior to the 
Z -stiffened -panel design in the region of heavy sheet thickness. 
Similarly, if the charts were extended in the other direction so 
that in all cases a Z -stiffened -panel design with a Z -stiffener 
2 sheet gages thicker than the comparable Y -stiffened -panel design 
could be made, possibly the Y -stiffened panel would be less superior 
to the Z-stiffened panel in the region of very light sheet thickness. 

(2) The lightest weight Y -stiffened -panel designs - in far more 
cases than for the Z-stiffened -panel designs - are obtained at the 
maximum or minimum values of by/ ty given by the design charts. 

Extending the range of proportions covered to higher and lower values 
"by/t y would be likely, therefore, to result in lighter weight 

designs of Y -stiffened panels in more cases than in lighter designs 
of Z-stiffened panels. 

Because a very extensive test program was run to establish 


such program has been run to establish optimum proportions for the 
Y -stiffener, the proportions of the Y -stiffener possibly could be 
improved and, hence, the comparative designs made more favorable to 
the Y -stiffened panel for all sheet thicknesses. Among the changes 
in proportions of the Y -stiffened panels which might result in over- 
all improvements in their structural efficiencies are: (l) a change 

in the angle included between the legs of the Y -stiffeners in order 
to effect a better balance between the width of sheet under the 
Y-stiffeners and between adjacent Y -stiffeners, (2) a change in 
relative proportions of the outstanding V part of the Y-stiffeners, and 
(3) a reduction in the width of attachment flanges of the Y-stiffeners, 


optimum proportions for the Z -stiffener 



particularly for — • = 1.00. 
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GENERAL TRENDS INDICATED BY MHnMUM -WEIGHT DESIGNS 


In addition to the comparisons of Y -stiffened and Z -stiffened 
panels afforded by the designs of tables 5 to 8 and figures 21 and 22, 
there are several general trends indicated by the designs and by 
figures l8 to 20 vhich apply to both types of construction. These 
general tronds are in some cases affected by the limited range of 
proportions covered by the present design charts. These trends as 
veil as the comparisons between the two types of construction, are 
also strictly for minimum -weight designs • With the foregoing 
qualifications, the comparative designs show that: 

For given values of Pp and L/ /cT 

(1) The weight, of : panel .generally increases (a^ decreases) 

with an increase in' sheet thickness, but the lightest panel is often 
obtained not at the thinnest sheet gage at vhich a design can be 
achieved but with. the sheet 1 or 2 gages thicker than the minimum. 

* . f!. ;<’«•. . 

(2) The stress for local buckling of the sheet o cr and also 
the ratio c cr /a f generally decreases with an increase in sheet 

thickness, but the maximum value of the stress for local buckling of 
the sheet is often obtained not at the thinnest sheet gage at which 
a design can be achieved but ..with the sheet 1 or 2 gages thicker than 
the minimum. , 

(3) The average, spacing of rivet lines S increases (requiring 
fewer rivets) with an increase in sheet thickness. 

(4) The distance from the outside surface of the sheet to- the 
axis of the center of gravity of the panel h, which tends to decrease 
the effectiveness of the panel to resist bending of the wing, 
generally decreases with an increase in sheet thickness . 

*• * - 

And for given values of P^ and % 

(1) The weight of panel increases (d^ decreases) with an increase 
in the value of L/ Yc . 

(2) The stress for local buckling of the sheet c cr , but not 
necessarily the ratio o cr /dp, generally decreases with an increase 
in the value of L/ \fc, except at the heavy sheet thicknesses . 

(3) The height of the stiffeners H increases with an increase 
in the value of L/\fc. 
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(4) The average spacing of rivet lines S generally increases 
(again requiring fever rivets) vitfa an increase in the value of 
T./l/cT, except at the heavy sheet thicknesses. 

('}) The distance from the outside surface of the sheet to the 
axis of the center of gravity of the panel h, which tends to decrease 
the effectiveness of the panel to resist "bending of the wing, generally 
increases with an increase in the value of 1,/i/cT. 

(6) The radius of gyration p increases (not necessarily 
increasing the effectiveness of the panel to resist local air loads) 
with an increase in the value of L/ fc. 


CONC LUDING REMARKS 


In this paper, charts have "been presented from which 24s -T ("bare 
sheet) and 75S-T (Alclad 3heet) aluminum-alloy flat compression panels 
having longitudinal extruded Y -section stiffeners may he designed to 
have the minimum weight required to carry a given intensity of loading 
at a given effective length of panel with a given sheet thickness. 
Comparisons have been made of panels designed from these charts and 
similar designs of Z -stiffened panels, in order to bring out the 
differences in characteristics of 24s -T and 75S-T and of Y- and 
Z-stiffened-panel designs. In the case of actual wing compression 
panels, however, there are often additional factors to he considered 
which have heen neglected for the comparisons, such as the effects 
of local air loads, the distance from the neutral axis of the wing 
to the center of gravity of the cross section of the panel, the 
sheet curvature, the edge tmpporb, and the shear combined with the 
compression, or the effects on the design procedure of specifying 
stiffener height or spacing in addition to sheet thickness. The labor 
involved in the introduction of so many additional variables into 
the comparisons, however, is obviously prohibitive. In fact some of 
the variables cannot be introduced because the necessary research has 
not been done. Because in any particular design some such additional 
factor may be important, the choice of a type of construction in most 
cases is best made by evaluating the characteristics of panels of 
several types designed to meet all the requirements of the actual 
application. The design charts of the present paper (figs. 7 to 17) 
together with the tables of section properties (tables 9 to 13) may 
be used as an aid in such an evaluation of the characteristics of 
a 24S-T or 75S-T Y- stiffened panel. 


Langley Memorial Aeronautic aJL Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., April 30, 1947 
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APPENDIX A 

METHOD OF DESIGNING A Y -STIFFENED PANEL FOE MINIMUM WEIGHT 


The following procedure, which is similar to that given in 
reference 2 for Z -stiffened panels, permits the selection of the 
minimum -weight Y -stiffened panel for given values of the design 
conditions P^ , L//c, and t g . In this procedure, the conditions 

p. L / i/o', and t are first combined to determine the values of the 
P S P. 

parameters — ~ and — . Next, from figures l8 or 20 the value 
L/v'c' % 

of ty/tg is for which the minimum-weight design will be 

achieved. Then a study is made of all the curves of the design chart 


for that ratio of t, r /t„ at the given value of — — . From this 

^ S l//o 

study, a plot is made of the variation of the stress at failure with 
stiffener spacing for panels having all the proportions covered by 
the chart. Because the chart gives 0 in terms of relative 


proportions (dimension ratios), the absolute size is established 
for each set of panel proportions by computing the sheet thickness 
required to make the design load P^ divided by the area A^ equal 


to the failing stress 


calculated as 



The variation of these sheet thicknesses, 
i3 then plotted against stiffener spacing. This 


x t- 


second plot mator > 0 establishment of stiffener spacings associated 
with the design value of the sheet thickness for each of the panel 
proportions possible . Deference to the first plot permits the 
determination of the stresses corresponding to these proportions and 
the selection of the proportions (usually by interpolation) which 
give the highest s':ross (minimum weight) at the given 3heet thickness. 


As an example of this procedure, the values and quantities for 
the 24s -T design shown in figure 23 for P.^ =5.0 kips per inch, 

L = 20 inches, c = 1, and t 0 = 0-102 inch are given in table 14 

7 O 


and are employed in the following steps: 






(1) Compute 


and 
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(2). From figures l8 or 20 (in -the example, fig. 18 for 2kS -T is 
used) determine the value or values of ty/tg which should he 

investigated to find the minimum -weight design at the values of 

Pi P. / tjj \ 

and ~~ determined in step (l) ( in the example, — = O.kOl . 

l/1c % \ V / 


(3) From the curves for the particular value of ty/ tg 

determined in step (2) (in the example, fig. j) , pick off for 
each value of by/ ty and bg/tg the value of corresponding to 

the value of — i_ given by step (1) . 

L/l/c 

(k) Pick from tables 9 to 13 (in the example, table 9 ) the 
values of Aj/tg corresponding to the ratios used in step ( 3 ). 


(5) Compute the sheet thickness that would be required to make 
the design load Pj_ divided by the area A^ equal to the failing 

stress d„ in each case, thus tw = _£i_. 

x S a,- 


( 6 ) Plot the values of — — and cr^, against bg/tg for each 

^ft- 

's 

value of by/ty and mark the values of at the value of bg/tg 

Pi 

for which — ^ — equals the design value of tg (in 'the example, 

0.102 in.). The plots of this step for the example under consideration 
are given as the two lover plots in figure 23 . For ease in 
interpolating to find the value of by/ty for the design, a curve 

of by/ty against bg/tg is also conveniently established by 
plotting the consecutive values of by/ty ( 18 , 21 , 2 k, and so forth) 

Pi 

at the values of bg/t c for which — - equals the design value of 


af ts 


t c (the upper plot in fig. 23 ). 


(7) After step (6) has been completed for all the values of 
by/ty, draw curves of stress and of by/ty against bg/tg through 

the points determined in step ( 5 ) (heavy curves in fig. 23 ) • 


1 6 
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(.8) Each of the curves drawn in step (7) represents a series of 
designs, all of which have the required value of t g (in the 

example, 0 .102 in.). The maximum point on the curve of Of against 
-b s /to indicates the design for minimum weight. Note this maximum 
value of o f , the value of b s /tc; at which it is reached, and the 
corresponding value of "by / ty which can "be picked from the curve 

of ‘bw/'Hr agaimt b s /t g . , 

(9) Check computations "by picking from tables 9 to 13 the 
value of Ai/tg corresponding to the ratios selected for minimum 

weight in step (8) , If computations and plots are correct, 


(10) Compute the following panel dimensions from the proportions 
determined by this design procedure with the aid of tables 9 to 13 : 


sf 

II 

cfiMsT 

of*" 


b q 

s ts u 

h • 



** * 5S 


1) 

*\Jt 


E . (1.79^ + 

"bg / *^7 \ 

S=°. 5 -t s + (0.52- + 2.3 

_ h 
h = — ■ t Q 

P 4. 

(ll) Compute the 

diameter and pitch of rivets from the proportions 


listed in tables 9 to 13, as 



P = 
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( 12 ) Find a ^ by interpolation between the short horizontal 
lines in figures 7 to 16. 

P i Pi 

If the values of — and — — computed in step (l) are such 

L /W TS 

that the point on figure l8 or 20 corresponding to these values is 
near a "boundary "between two values of \j/ t f it is advisable to 

follow the design procedure of steps (1) to (12) for both values 
of y v 
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APPENDIX B 


DESIGN CHART FOR DETERMINING THE STRUCTURAL EFFICIENCY 


If a chart is to he drawn which will provide a direct measure 
of the structural efficiency of a wing compression panel, that chart 
must contain in its parameters all the design conditions which apply 


contains the design conditions of compressive load and effective 
length of panel, was used for charts that measure directly the 
structural efficiency when these are the design conditions. 

The trend toward higher speeds and thinner wings and the 
accompanying requirement of high torsional stiffness, however, tends 
to establish a xoinimum acceptable sheet thickness for the panel. It 
therefore appears desirable to Include the sheet thickness tg within 

the parameters used for preparing charts indicative of the structural 
efficiency of panels. 


A suitable parameter incorporating the sheet thickness appears 
to be P.. /t . This parameter, which represents the load divided by 

1 O 

the area of sheet alone, denotes the upper limit of stress that can 
be carried by a panel for a given sheet thickness because any 
stiffeners added to the sheet must increase the panel area and reduce 
the stre.es below that determined as P^/tg. This upper limit is 

shown in figures l8 to 20 as the dashed line. Besides indicating 
the upper limit of stress, this line also represents the stress that 

would be carried by a panel having a value of = 0 (pure shell 

construction), but only if such a panel could actually carry the 
indicated stress without failing. 

As the value of ty / t 0 for the panel is increased from zero, the 

stress carried will decrease from that equal to the value of Fj_/tg . 

The actual magnitude of the highest stress that can be achieved for 

each value of t,./t 0 given by the design charts can be determined 
” S p ^ p 

by assuming values of — 1— and 1 and by examining all the 


to the panel. In references 1 and 2 the parameter 


..JjL.., which 
L/Vc 
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Individual curves of the design charts in a manner similar to the 
minimum -weight -design procedure at the assumed values of ty/tg, 

P. Pi Ai P 

, and r— • (Values of o? — , vhich are equal to — , instead of 

L/rc % I-c s " *s 

p< 

— — . are computed in step ( 5 ) and plotted in step (6) of the 


procedure. See appendix A. Also designs are made for a series 
of values of P-^/tg, corresponding to a series of design values 

of tg, from each plot of step (6) . ) 


The foregoing procedure vas used to establish the curves given 
in figures l8 to 20, which indicate the stresses attainable by 
minimum weight designs as P^/tg is varied for chosen values of 

P i 

The stress for any point on one of these curves is therefore 

L/t/c" 

a direct measure of the structural efficiency of the best design 
that can be made to meet the given design conditions P^, L/|/cF, 

and tg . 


Because the design charts are drawn for definite values of 
t^/tg, the curves of figures l 8 to 20 contain cusps which correspond 

to the intersection of the curves resulting from the use of the 
design charts for consecutive values of ty/tg. Light lines have 

been drawn in figures 18 to 20 connecting these cusps, thus dividing 
the figures into regions in which the indicated values of ty/tg 

produce the minimum-weight designs. As previously noted, the region 

t, , p. 

for Ja = 0 is the dashed line, for which o*> = — 

*S f % 


For given values of P^, L/</c, and tg, the value of ty/tg 

that will produce the lightest weight Y -stiffened or Z -stiffened panel 
may be determined directly from figures 18 to 20. Since very slight 
variations in 'd^ near the cusps of the curves could cause an 

appreciable shift in the location of the cusps in many cases, the light 
lines shouTd be considered as only approximate boundaries. If the 
point ocr.voGponl-'ng to a particular design being considered lies near 
a boundary between two values of %/%, it might be wise to 

investigate both values of ty/tg in making that design. 
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TABLE 1 

VALUES OF THE COMPRESSIVE YIELD STRESS FOR THE MATERIALS 
USED FOR CONSTRUCTING THE Z -STIFFENED PANELS 
AND THE Y -STIFFENED PANELS 



°cy 

(ksi) 

Sheet 

(hare) 

Stiffeners 
(hare sheet 
before forming) 


Maximum 

46.5 

46-5 

24S -T 


Z -stiffened panels 

Average 

44.0 

44.0 

(from reference 2) 





Minimum 

41.0 

41.0 


a cy 

Sheet 

Stiffeners 


(ksi) 

(hare) 

(extrusions) 


Maximum 

^7*3 

48.0 

24S -T 



Y -stiffened panels 

Average 

44.0 

42.3 


Minimum 

42.4 

38.4 


a 

Sheet 

Stiffeners 



(Alclad) 

(extrusions ) 


Maximum 

69.7 

86.5 

75S-T 


67.3 

78.2 

Y -stiffened panels 

Average 


Minimum 

64-7 

67.6 
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TABLE 2 


TEST DATA AND PROPORTIONS OP SPECIMENS HAVING 




0.40 


[Nominal proportions are given in parentheses] 


(a) 24S-T SHEET AND STIFFENERS 


Proportions of test specimens 

Test d 

ata 

(in.) 


b s 

b w 

b A 


b W 

K 

b w 

K 



r 

d 

* 

L 

b v 

(a) 

°cr 

(ksi) 

°r 

(It.l) 

-it- I A 
r J 

kips /ini 

InLJ 

(0.061+) 

0.061+ 

.066 

(0.1+0) 

0.599 

•m 

.1+06 

.5Q7 

(25) 

25.0 

2{*'.J 

24,6 

(20) 

20.0 

19.5 

19.1 

19.7 

(9-3) 

9.50 

?’.85 

9.14 

0.96) 

(0.94 ) 

0.921 

.988 

.946 

.931 

1.07) 

[0.47) 

°45 

•ijS 

(l-UU) 

(D 

(1.34)' 


12.5 

24.2 

43-8 

74.8 

40.7 

42.7 
41.3 
35.0 

20.8 

1.222 

.592 

.292 

.101 

672 x 10^ 

jl 

_2lS 

.066 

.068 

.065 

.065 

:i!t 

.590 

. U07 

23.9 

24.6 

24.1 

25.1 

1241 

24.1 

23.7 

24.8 
24.5 

8.96 

8.79 

8.79 

9.11 


.936 

.947 

.930 

.906 


.488 

•497 

.461 

.486 





12.9 

25.8 

45.0 

Jill. 

40.7 

59.2 

43.0 

41.9 

34.9 
jk ±_ 

1.028 

.496 

.239 

-•oiL 

584 

m 

__25 2 

.066 

.066 

.066 

.061+ 

.409 

.U07 

.405 

.394 

25.0 

24.8 

24.5 

24.5 

W 

29.1 

29.1 

29.1 

50.0 

9.01 

9.00 

9.03 

9.30 


.953 

.971 

.971 

.945 


.471 

.472 

.469 

.497 





13.2 

26.3 
46.1 

-72-..L 

41.8 

43.3 

U.i.i 

34.7 

23.8 

.855 

.407 

.19? 

.078 

541 

507 

J67 



.067 

.066 

.066 

.066 

.1+16 

.1+11 

.1+16 

.li09 

w 

35-1 

35.O 

T&r 

19.1 
19.3 
19.3 

19.2 

8.85 

8.96 

8.99 

8.93 


.936 

.994 

.947 

.937 


.501 

.491 

.496 

.501 





n.7 

23.5 

41.2 

[JOiln 

33.3 
34.0 

33.4 

56.9 

35.6 

34.7 

20.7 

1.055 

.504 

.279 

■ rQii- 

727 

i 

196 

.066 

.067 

.066 

1 PCi -| 

.1+01 

.1+06 

.1+05 

•1+10 

n 

54.1* 

35.0 

wi 

24.2 

24.0 

24.4 

24.0 

§.99 

8.89 

9-°5 

8.92 


.923 

.945 

.904 

.939 


.490 

:g 

.490 





12.3 

24.6 

42.9 

73.6 

52.7 

33-8 

32.9 

36.0 

21.iL- 

.838 

.1+10 

.250 

,082_ 

552 

521 

331 

.301 

.06^ 

.065 

.062 

.065 

.064 

.578 

.375 

.378 

.395 

54.1 

54.1 

J?:X 

w 

30.6 

30.9 

30.5 

30.0 

9.49 

9.57 

9.1+6 

9.30 


.953 

.947 

.949 

.973 


.460 

.468 





12.6 

73-7 

30.3 

34..1+ 

33-9 

36.2 

36.3 
34.5 
21.1 

.696 

.594 

:S?I 

5x6 

394 

325 

204 

.067 

.067 
.0 66 

.410 

.1+09 

.400 

.1+07 

-Wrr 

49.3 

in 

49.7 

w 

19.1 

19.2 
19-3 

19.6 

e.e7 

8.91 

8.97 

9.04 


.932 

1.010 

.946 

.940 


•497 

•493 

.497 

•490 





10.8 

21.8 

M 

19.1 
19.9 

20.1 
21.2 

32.0 

29.2 

29.O 

22.6 

.242 

.109 

114.8 

591 

m 

.067 

.067 

.066 

.067 

.408 

.410 

.403 

J+21 

49.2 

49.2 

49.7 

90.8 

W 

24.0 

23.? 

24.4 

25.9 

8.91 

8.87 

1:85 


.942 

.938 

.925 

.970 

» 

•491 

.49° 

.487 

.496 





11.4 

23.0 

i+0.1 

68.7 

19.5 

19.8 

20.2 

20.0 

31-4 

51.5 
29.2 

20.5 

.726 

.559 

.190 

-077_ 

e? 

325 



.062 

.061 

.061+ 

.065 

•595 

•379 

.405 

.409 

51.0 

50.5 

50.7 

50.5 

-jwr 

30.7 

51.6 

29.? 

29.4 

9-55 

9.79 

9.25 

9.U 

J 

1 

•934 

.903 

.976 

.9S5 


ffil 





4l .6 
71.3 

16.7 
19.1 
20.3 

19.8 

30.6 

30.4 

29.5 

22.5 

.567 

.285 

.158 

.070 

s 

a 


a Lengths are for the actual test specimens for which c * 3.75 approximately. 
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TABLE 2.— Concluded 

TEST DATA AND PROPORTIONS OF SPECIMENS HAVING * 0.40 - Concluded 

t S 

(b) ALCLAD 75S-T SHEET AND 75S-T STIFFENERS 


Proportions of test specimens 

Test data 


fc w 

*5 

b s 

*5 

*V 

b A 

b w 

t w 

b w 

t w 

¥ 

% 

d 

t 

3 

S 

L 

(a) 

°cr 

(ksi) 

°r 

(ksi) 

L l /^ 

ti^s/in^ 


io.0614.) 

0.060 

.067 

, - 0 §4 
.060 

(0.40) 

0.380 

.422 

.411 

.370 

(25) 

25.6 
25.3 

25.8 

24.7 

(20) 

21.4 

19.2 
20.0 

21.3 

19.3) 

9.96 

8.92 

9.27 

9.90 

W&F 

(0.94) 

0.884 

.967 

:§1 

0-07) 

70377 

0.442 

•495 

.48I 

.431 

(14+) 

(1) 

(1551 

(46f 

12.4 

24.9 

43.7 

73.0 

49.6 

51.5 

57.6 

58.1 

55.0 

25*9 

1.630 
.834 
• 443 
•125. 

640 x 10^ 
602 
526 
261 

,06U 

.063 

.066 

0.402 

M 

25.2 

25.2 

25.4 

rsfr 

25.1 

8:? 

9* 3 1 

Li 6° 


.988 

.986 

.938 


.464 





12.8 

25.6 

45.0 

51.9 

55.0 

57.9 
58.2 

52.9 

1.351 

.675 

.352 

589 

565 

535 

.062 

.062 

.064 

.061+ 

0.404 

.389 

.402 

.402 

(55) 

37.1 

35.5 

35.3 

35.4 

(20) 
20.6 
20. 7 
20.0 
20.1 

9.38 

9.63 

9.30 

9.34 


.887 

.870 

.955 

.951 


.440 

.479 





11.7 
23.5 

4i.2 

70.8 

30.7 

30.5 

33.9 

52.3 

U 

24.7 

1.468 

.720 

.369 

.115 

535 

h 

243 

.064 

.066 

.O64 

.066 

ill 

•koh 

. 416 

35.2 

35.2 

35.3 
35.8 

(25) 
25. 1 

24.3 
25.0 

24.4 

9.51 

9.03 
9.28 

9.04 


.957 

.929 

.e96 

.937 


.461 

.488 

ifi 





12.2 

24.5 
42.8 

73.6 

28.3 

35.4 
35.7 

46.4 

47-7 

49.1 

27.1 

1.102 
• 543 
.319 
.102 

615 

6I+0 

620 

265 . . 

.066 

.065 

.067 

.066 

.1*22 
• 391* 
.1+29 
.1*22 

35.9 

35.4 

36.0 

35.7 

28.9 

11:1 

28.9 

111 

i:?l 


.921 

.937 

.929 

•931 


•477 

.453 

.471 

•477 





12.6 

2^.2 

44.2 

73.8 

30.8 

33.0 

34.5 

47-4 

47.1 

.906 

.449 

567 

520 

.065 

.064 

.066 

.061 

.418 

.41 0 
.421 
.391 

($6) 

52.2 

51.6 

51.6 

51.9 

(20) 

19.7 

19.? 

19-4 

21.0 

9.17 

9.25 

9.03 

9-74 


.940 

.923 

.939 

.860 


.489 

•485 





10.1 

21.8 

1“:{ 

11.1 
16. e 
17.1 
17.5 

43.9 

42.3 

40.2 

25.8 

1.520 

.594 

.324 

.in 

690 

74-0 

i 

.065 

.066 

.065 

.065 

.i*n 

.417 

.416 
• 413 

51.1 

51.4 

51.3 

51.3 

^57“ 

24.7 

24.4 

24.5 
24.5 

9.17 

9.07 

9.08 

9.08 


.967 

.919 

.949 

.941 


.481 

.482 

.469 

.483 





11:4 

40.0 

68.7 

15.8 
16.6 
17.2 

17.9 

42.0 

43.6 

41.6 
22.9 

.944 

.491 

.266 

.0b5 

539 

59° 

ii 


lengths are for the actual test specimens for which c = 3.75 approximately. 
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TABLE 3 




TEST DATA AND PROPORTIONS OP SPECIMENS HAVING -r- - O .63 

C S 

[Nominal proportions are given in parentheses] 


(a) 24S-T SHEET AND STIFFENERS 


Proportions of test specimen* 


Test dJ 

eta 

— « r 


(in. ) 

Sr 

% 

b . 

b A 

51 

b . 

> 

L 

b w 

L 

r* 

F 

Vj 


h 1 

EL 

i 

j+_ 

N 

(a) 

°cr 

(ksi) < 

5 f 

[ksi) 

! 

p i 

L/Vc 

^klpe/liA 

^ la - H. 

l t 

(0.06U) 

0.06? 

.067 

.067 

060 

(0.63 ) 
O-.687 
.662 
.690 
687 

(25) 

2:! 

25.6 

26.0 

(20) 

19.0 

19.1 

19.1 

IQ .5 

(9.3 )( 

3.85 
B.88 

8.85 

3.95 

0.96]: 

0.91+) ( 

.91+8 

• 946 

• 949 
.951 

1.07) 1 

1 

.499 

: i.«+)( 

1) t, 

l.84)( 

6.3) 

lk.O J 
26.0 I 
48.8 

[4.2.6 

41.3 

45.1 
42.6 
55.8 

21.2 

1.015 

.484 

.216 

.079 

713 x 10-5 

610 

515 



.067 

.066 

.066 

.661 

.625 

.647 

^634 

24.7 

2:* 
?c, . ^ 

( lb ) 

23.6 
24.3 
24 .2 

2k. 1 

8.83 

9.01 

B.99 

3.93 


.927 

.950 

.961 

.915 


.500 

.4*9 

:!S 





14.2 

28.4 

ifrl 

59.2 

41.5 

40.6 
34.5 

, 2Ii3-- 

.788 

.C7k 

5l+o 

515 

IS 

.066 

.066 

.065 

.065 

.665 

.661 

.657 

.665 

25.4 

25.1 
25.4 

25.2 

m 

29.1 

29.3 

29.6 

29.0 

9.03 

9.08 

9.18 

8.97 


.972 

.978 

.951 

.959 


ill 

-f.75 

.476 





ft? 

ft? 

40.0 

41.0 

40.7 

55*3 

22.3 

.663 

•331 

.163 

.062 

{g 

360 



• UOO 

.067 

.067 

.065 

nA 7 

.685 

.654 

.664 

.681 

Wr 

55.6 

ll:l 

55.9 

(26) 

19.0 
!9.1 
19.6 

19.1 

8.84 

8.87 

9.08 

8.89 


.952 

.937 

:||i 


.501 

.501 

.484 

.499. 





11.1 

27.1 
8:1 

55.6 

55.9 

40.6 

38.4 
33.1 

22.4 

1.018 

.406 

.194 

.077 

652 

571 

333 

220 

• UO ( 

.067 

.066 

.067 

n Al. 

:88 

•|S 

P 

54 .2 

55 6 

2:2 

24.0 

25.1 

8.83 

8.97 

8.92 

9.35 




I4I3 





13.9 

p:8 

33.3 

36.0 

37.4 

37.7 

34.7 
2^1 

.670 

.352 

.175 

.072 

» 

519 

_J52 

• U04 

.064 

.065 

.066 

n All 

0.627 

.607 

.640 

AIiQ 

54.5 

53.1 

34.3 

36.O 

W 

29.7 
29.5 
29.0 

29.8 

9.20 

?.i4 

8.97 

9.24 


.982 

:1a 

.936 


.471 

iB 

.461 





Si 

55.7 

55.4 

36.8 

37.0 

35-9 

22.6 

.148 

.056 

E58 

345 

225 

• UD4 

.061 

.O67 

.066 

•°47— 

.591 

.631 

.632 

6S7 

mi 

I+8.5 

U7.7 

$; 0 6 

(207 

20.9 
19. 1 

18.9 

19.1 

1:8 

l:l| 


.896 

1.010 

•956 

.954 


.465 

•49,6 

.504 

.505 





12.8 

26.5 

ft! 

21.5 

22.2 

26.0 

34.6 

32.5 
30.2 

22.5 

.688 

.319 

•m 

•°74 — 

IS 

• UO 1 

.068 

.066 

.066 

.066 

« i — 

.657 

.64? 

.644 

.650 

1+9.5 

U9-U 

j+9-2 

1+9.6 

Titr 

23.7 

24.1 

24.2 

24.2 

8.80 

8.95 

8.97 

8.97 


•93,0 

$ 


.498 

ill 

.487 





13.5 
27.0 

47.5 
81.0 

20.3 

23.1 

23.1 

34.8 
34.1 

30.8 
22.0 

.563 
.270 
.139 
-059 _ 

644- 

465 

323 

211 

.061 
.062 
.064 ’ 

n At 

.574 
• 5&5 

47 » w 

47.3 

47.6 

51-1 

51.8 

w 

31.3 

3°.9 

29.8 

51.5 

9.67 
9-57 
9 .?1+ 
9.75 


:SK 

.977 

.917 


.449 

.455 

•471 

.445 





13.8 

27 .5 

48.1 

82.7 

20.2 

23.4 

20.5 

.21 IL. 

33.6 

32.9 

31.1 

22.0 

.466 

.230 

•!19 

.049 

505 

517 

350 

_££2 

. UOl 

.062 

.066 

.066 

nAA 

.621+ 

.675 

.665 

.661+ 

ter 

77.4 
76:4 

76.5 

(20) 

20.6 

19.4 

!9-2 

19.4 

9.57 
').00 
.92 
1 .01 


.899 

1.010 

.956 

.955 


.471 

.495 

.502 

.498 





11.9 
24.6 
43.1 
74 . c 

10. C 

9.5 

10.9 

10.1 

30.0 

28.7 

26.3 

20.2 

ill 

■M 

762 

499 

343 

?25 

• UOO 

.068 

.067 

.067 

OA7 

.666 

.662 

.668 

.667 

7U -9 

75.0 
75-5 

76. 0 

T25T 

25.6 

23.8 

23.9 
24.0 

S3 

8.87 

8.91 


.953 

.937 

.957 

.941 


•497 

•495 

liil? 





12.8 

1? 

j-s 

10.4 

30.1 
30.6 

27.2 
19*2 

.452 

.229 

.116 

.048 

61+6 

l+?6 

547 

._215 

# uO f 

.067 

.065 

.066 

.065 

.651+ 

l66§ 

.643 

7U.1+ 
75. 1+ 
77.)+ 
77.7 

'Tier 

28.7 

29.6 

29.2 

30.4 

8.09 

9.18 

9.05 

9-1+5 


• 956 
.967 

• 975 

• 95C 

) 

.480 

•474 

.478 

.461 





13.1 
26.3 
46. C 

79.1 

9.5 

9.9 

1 9 ‘? 
. 10.4 

30.6 

30.3 

27.9 

19.8 

.393 

.190 

.100 

.041 

5il+ 

500 

370 

208 


lengths are for the actual test specimens for vhich c « 3.75 approximately. 
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TABLE 3*- Concluded 

TEST DATA AND PROPORTIONS OF SPECIMENS HAVING 


— ~ = O .63 - Concluded 
t 

S 


(b) ALCLAD 75 S-T SHEET AND 75S-T STIFFENERS 


Proportions of test specimens 

Test data 

Sr 

> 

s 

b s 

b s 

b w 

*w 

s 

b w 

b 

b L 

b w 

b L 

t w 

* 

r_ 

t w 

d 

h 

L 

b W 

(a) 

a 

cr 

(ksl) 

°f 

(ksi) 

_£i_ 

J Wrt \ 
(klpVln. 
\ *“• *1 

f f 

(0.06M 

0.066 

foil 

.062 

(0.63) 

°:iU 

. 61*1 

.605 

( 25 ) 
23 .9 

i.t 

24.3 

(20) 

19.2 

! 9.1 

19.4 

20.5 

( 9 . 3 ) 

1:1! 

S :°4 

(0.96) 

(O.94) 

0.963 

•937 

£ 

(1x7) 

(ol* 7 ) 

0.494 

.512 

(1.14*) 

(1) 

(i.el*) 

(6.1) 

14.0 

27.9 

58.2 

60.5 

63.3 
63.2 
57.9 

25.4 

1 . 45 § 

.726 

.376 

.097 

619 X lo” 5 

620 
562 

256 _ 

.064 

.621 

.657 

.615 

24.5 

m 

( 25 ) 

33 

25.2 

1:11 

9.35 


.981 

•935 

.971 


. 1 x 75 

is 





1 4.2 

284 

49.3 

56.3 

57.9 

58.9 
54.6 

1.104 

.•2I 

563 

m 

.062 

:» 

»o 64 

:I?f 

.656 

. 6 l 4 

( 35 ) 

33.6 

33.9 

34.2 

33*7 

( 20 ) 

20.5 

20.0 

18.9 

!?.9 

^79 

9.22 


.866 

.917 

.960 

.928 


.486 

.488 





13.6 

27.3 

8:1 

35.9 

43.7 

37.5 

54.7 

57.5 
52.2 

23.6 

1.197 

.607 

.*8} 

669 

646 

555 

255 _ 

.06k 

.065 

.065 

:p 

.640 

34.6 

35 .o 

34.9 

24.7 

24.5 

9.21 

9.15 

9.10 


.976 

.997 

.934 


•479 

iS 





M 

46.8 

38.1 

36.3 

38.9 

55.1 

53.5 

49.3 

.244 

590 

602 

519 

:«i 

.064 

.662 

. 651 * 

.632 

34.6 

( 30 ) 

29.3 

29.0 

29.8 

9.08 

8.97 

9.24 


.906 

.904 

.903 


.472 

■M 





14.1 

25.2 

49.3 

32,3 

35.1 

35.2 

48.6 
to .9 
47 .x 

.736 
.37? 
• 2 o 4 

I 

.065 

.063 

.063 

,06l 

.616 

.593 

.603 

.583 

•iff 

8 :1 
48.2 

( 20 ) 

19.7 

20.3 

20.5 

21.0 

9.14 

9.1*3 

9.50 

9.71* 


:Uf 

.868 

.836 


.457 





13.0 

26.2 

45.9 

78.7 

20.4 

20.9 

21.9 
22. 7 

51.0 

50.9 

46.3 

23.7 

1.019 

.509 

.260 

.078 

648 

6S9 

587 

237 

.065 

.067 

,066 

. 061 i 

.623 

.632 

.628 

.610 

48.8 

a; 

48.1 

( 25 ) 

24.7 

24.0 
24.2 

29.0 

9.18 

8.91 

8.98 

9.28 


.939 

.933 

.936 

.938 


.481 

. 1 x 78 

u 





13.5 

27.0 
47.3 

51.0 

i 9 .? 

20.8 

21.6 

21.9 

50.0 

8:1 

23.7 

.802 

.423 

.219 

.065 

§52 

617 

572 

234 

,0 66 

:S U 

.06? 

;U i 

48.6 
50.4 
49 .9 
49.9 

(3o) 

3:8 

28.9 

30.3 

g.99 

§.91 

8.96 

9 . 4 o 


.938 

.937 

$3 


.476 

.490 





13.8 

p:I 

82.6 

19.5 

19.5 

19.7 

21.9 

M 

23.6 

.641 

.325 

.176 

.055 

566 

561 

III 

.061 

.066 

.065 

.063 

m 

.619 

.602 

r? 5 T 
72.4 
72 «9 
72.7 

72 . b 

(2o) 

21.0 

19.4 

19.7 

20.3 

9.77 

9.01 

9.17 

9.41 


.909 

.956 

'Me 


ill 

.450 





12.2 

24.6 

43.1 

74.0 

10.0 

8.7 

9.9 

9.9 

43.5 

43.6 

40.2 

22.2 

.824 

.413 

.217 

.070 

m 

576 

279 

.066 

.065 

;Stl 

• 6 J 5 

:‘£ 

.642 

74.0 

76.2 

75.7 

73.7 

, ( 2 P J 

24.4 

24 «o 

24.8 

2I..1 

9.04 

9.12 

9 . 2 ° 

8.95 


.9 22 
.904 
.946 
.924 


.487 

.472 

ill 





12.8 

23.6 

h 

7 c 7 

7.9 

U 

43.8 

42.2 

40.5 

22.6 

.665 

:i 7 jj 

.058 

634 

I 

276 

ML 

.066 

,'066 

0663 

ill 

.659 

75.4 

75.3 

75.6 

75.7 

( 5 M 

28.7 

30.0 

29 .1 
29.0 

8.89 

9.30 

9.01 

8.97 


.929 

.921 

.906 

.927 


• 48 o 

. 45 ? 

. 47 ^ 

.476 





lilt 

46 .0 

79.0 

P 

8.7 

10.6 

39.7 

39.6 

39.5 

22.1 

.50? 

.252 

.144 

.047 

560 

532 

llo 


lengths are for the actual test specimens for which c = 3*75 approximately, 
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TABLE 4 

TEST DATA AND PROPORTIONS OF SPECIMENS HAVING ~ * 1.00 
[Nominal proportions are given in parentheses] 


A 


(a) 243- T SHEET AND STIFFENERS 


Proportions of test specimens 



Test < 

data 


(In.) 

t W 

ts 

b s 

t w 

*A 

b w 

By 

t w 

El 

3 w 

51 

tp 

b w 

r 

t w 

d 

fi 

L 

by 

(a) 

°cr 

(k.l) 

(k*l) 

L//c 

«f 

(0.064) 

0.067 

.065 

.068 

.069 

(l.OO) 

1.035 

.9*1 

1.08C 

1.099 

(25) 

23.4 

23.4 

24.8 

25.1 

(20) 

19.0 

20.2 

18.9 

18.6 

(9.3) 

8.83 

9.37 

9.49 

8.63 

0.96. 

(0.94) 

3.939 

.916 

.944 

1.006 

U.07 

1(0,47) 

.500 

.482 

.504 

,508 

(1.44) 

U) 

(244) 

(7.8 

13.9 

29.5 

50.9 

87.6 


42.4 

41.2 

33.9 

.a. 2- 

.966 

.433 

.206 

.071. 

567x10"^ 

I 

209 

.068 

.06? 

.066 

.067 

1.043 
r l . 02S 
1.059 
1.065 

22.9 

23.0 

22.9 

25.4 

-T25T 

23.7 

23.9 

24.1 

24.0 

8.79 

8.87 

8.95 

8.91 


.942 
.938 
• 935 
.930 


.496 

.494 

.490 

.499 





14.7 

29.3 

51.3 
87.9 

35.6 

39.1 

38.8 

35.4 

23.4 

.713 

.352 

.183 

.070 

590 

foo 

336 

227 

.067 

.060 

.063 

.067 

1.039 

1.027 

.946 

1.075 

(35) 

32.3 

32.3 

34.9 

52.9 

120) 

19.1 
18.9 

20.2 
19.0 

8.89 

8.77 

9.37 

8.84 


.949 

.942 

.903 

1.006 


.*99 

.506 

.47H 

• 4 ?7 





13.5 

28.9 

50.7 

38.5 

41.1 
39.9 

35.1 

21.4 

.843 

.384 

.189 

.065 

s; 

.067 

.067 

.067 

.066 

1.028 

1.047 

1.05? 

1.06k 

33.1 

32.6 

33.5 

33.7 

24.0 

23.9 

24.0 

24.1 

8.89 

8.88 

8.89 

8.95 


.941 

.925 


.492 

.494 

.488 

.496 





14.6 

29.2 

51.1 

87.5 

37.9 

39.1 

38.5 

34.7 

24.3 

.639 

.312 

.158 

.064 

612 

14.7 

549 

255 

.064 

.066 

.065 

.064 

0.971 

1.003 

.972 

1.021 

35.2 

35.1 

35.6 

35.6 

“cysT 

29.9 

29.2 

30.3 

30.0 

9.25 

9.05 

9.37 

9.28 


.958 

.988 

.935 

.930 


.467 

.477 

.461 

.459 





14.7 

29.3 

51.3 
88.0 

33.3 
32. 8 
33.2 

37.6 
36.1 
33.9 

22.7 

.536 

.257 

.138 

.053 

hk 0 
3S5 
557 

-US 

.067 

.063 

.065 

.067 

1.052 

.960 

1.030 

1.052 

46.8 

49.8 
48.7 
47.0 

“T vvr 
19.1 
20.3 
19.8 

19.1 

8.85 
9. 44 
9.18 
8.87 


.940 

.897 

.934 

.938 


.501 

.*73 

.480 

,‘*99 





14.4 

28.6 

50.1 

86.0 

25.7 

28.1 

27.6 

38.7 

37.1 

32 .2 
21.3 

.646 

.308 

.151 

.059 _ 

613 

521 

359 

m 

.067 

.063 

.065 

.066 

1.032 

1.023 

1.020 

1.025 

47.0 

46.7 

42.6 

47.9 

-125T 

24.0 

23.7 

24.3 

24.4 

5.89 

8.79 

9.01 

9.09 


.933 

.931 

.939 

.945 


.487 

.498 

.483 

.486 





19.5 

28. 9 
50.7 

86.9 

25.5 

27.8 

27.2 

8:5 

32.3 

22.3 

.532 

.261 

.130 

.052 

630 

649 

312 

227 

.068 

.067 

.065 

.063 

1.061 
1.039 
1 .008 
1.00? 

46.3 

46.6 

48.2 

50.0 

(To J 
28.2 
28.6 

29.3 

30.4 

8.74 

8.85 

9.08 

9.43 


.952 

.974 

.960 

.957 


.488 

.48^ 

.475 

.463 





14.5 
29.2 
50.7 

87.6 

23.2 

24.4 

27.8 

35.3 

34.7 

31.9 

21.-1- 

Me 

.221 

363 

450 

325 

205 

.068 

.06? 

.06k 

.066 

1.023 

1.026 

1.002 

1.023 

-tTvr 

69.6 

71.1 

73.9 

72.0 

Uo) 

18.9 

19.1 
20.0 

19.2 

8.77 

8.85 

9.28 

8.93 


.938 

.941 

.914 

.927 


.505 
.503 
.478 
• 5°3 





13. s 

26.5 

48.9 

84.0 

10.0 

12.9 

12.5 

13.-5- 

34.2 
34.5 

29.2 
11l5- 

Ml 

.121 

.048 

625 

505 

543 

207 

- .068 
.067 

.067 

.067 

1.010 
1 .020 
1.0^0 
1.042 

7C.5 

70.7 

/2.0 

71.6 

23.7 

23.9 

23.9 

24.0 

8.80 

8.88 

8.88 

6.89 


.932 

.984 

.956 

.990 


.494 

.492 

>90 

.488 





19.3 

2?.* 

49.8 

11.5 

11.9 

12.2 

12.8 

34.2 

33.0 
29.6 

20.0 

.430 

.206 

.104 

.041 

520 

foe 

337 

210 

.065 
.06k 
.066 
.0 62 

.9/2 

.980 

1.002 

.986 

74.8 

73.8 
72.1 
76.6 

TW 

30.3 

29.7 
29.2 

30.8 

9.40 

9.21 

9.04 

9.53 


.921 

.979 

.963 

.9*7 


.462 

.470 

.477 

.454 





14.4 
28.6 

50.5 

86.5 

10.5 
13.1 

12.6 
11.8 

31.7 

32.8 

29.5 

20.5 

.340 

.178 

.092 

.036 

496 

381 

323 

209 


a Lengths are for the actual test specimens for vhlch c = 3.75 approximately. 
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TABLE 4 .- Concluded 

TEST DATA AND PROPORTIONS OF SPECIMENS HAVING 


— = 1.00 — Concluded 
t S 


(b) ALCLAD 75S-T SHEET AND 75S-T STIFFENERS 


Proportions of test specimens 

Test data 


*5 

b S 

*5 

t w 

b A 

b w 

t w 

b w 

sz 

*ir 

b w 

r 

t w 

d 

¥ 

% 

L 

°cr 

(ksl) 

Of 

(ksl ) 


T f 

(0.061;) 

0.064 

.065 

.064 

.065 

(1.00) 

1.003 

1.002 

1.019 

1.027 

(25) 

H:2 

21*. 9 
2J|.2 

(20) 

20.0 

20.3 

19.9 

19-7 

(9-3) 

9«31 

9.43 

9.24 

9*14 

(O.96) 

(0.9O 

0.876 

.933 

.927 

•939 

(li>7) 

(0.47) 

0.452 

.491 

(l.u*) 

(1) 

(244) 

(7.8 » 

14.6 

29.2 

50.9 

67.6 

60.8 

61.1 

56.2 

64.0 

61.6 

58.0 

25.3 

1.350 

.658 

• 345 
.087 

615 x 10"5 
593 
551 
237 

.065 

.064 

.065 

.949 
• 975 
.991 

24.0 

U:i 

(25) 
21*. 6 
21*. 9 
2if 7 

9.14 

9.24 

9.18 


.902 

.921 

.907 


.479 

.471 

.477 





14.7 

29.4 

51.3 


11:) 

52.9 

1.048 

.533 

.269 

583 

600 

524 

.062 

.064 

.065 

.064 

.955 

.997 

1.006 

.998 

(35) 

34.3 

34.5 

34.2 

34.1 

(20) 

20.8 

20.0 

19.3 

20.1 

9.66 

9.30 

9.18 

9-35 


.835 

.896 

•943 

.?46 


.1167 

ill 

.461 





14.5 

29.0 
50.7 

87.1 

i 

58.5 

56.6 
52.5 
25.9 

1.095 

.534 

.278 

.081 

650 

547 

497 

249 

.064 

.065 

.066 

1.013 

.989 

1.027 

54.8 

33.7 

35.1 

25.0 

24.8 

24.4 

9.27 

9.21 

9.07 


•912 

.936 

.928 


.478 





14.6 

29.2 

51.1 

42.0 

40.7 

47.4 

50.8 

m 

.877 

.429 

.223 

at 

5 22 

.065 

.065 

.065 

1.008 

1.011 

1.019 

P 

34.9 

(30) 

29.3 

29.4 
29.6 

9.08 

9.10 

9.15 


.901 


la 

.468 





14.7 

29.3 

51.3 

35.5 

27.5 
26.2 

j*8'.3 

44.7 

.690 

.343 

.179 

560 

520 

457 

.061 

.062 

.062 

.062 

• 944 
.967 

:|8 

in 

(20) 

21.0 

20.6 

20.5 

20.7 

9.74 

9.58 

9.52 

9.61 


.852 

.858 


.429 

.455 

.466 

.452 





i4.3 

28.6 

50.2 

86.0 

23.3 

25.3 

11:1 

55.6 

57.0 

50.1 
24.8 

.925 

.475 

.235 

.069 

7p4 

541 

524 

_255 _ 

.065 

.065 

.065 

.064 

.18 

% 

m 

1*7.4 

47-5 

( 25 ') 

24.5 

24.7 

25.2 

25.2 

9.08 

9.18 

9.57 

9-35 


.910 

• 956 
.922 
.968 


:i$ 

:ijS 





14.5 

29.2 

50.7 

87.0 

2 k . 8 
23.3 

S:i 

h 

.759 

.356 

.197 

.058 

666 

551 

511 

250 

.065 

.064 

.065 

.063 

1.014 

1.022 
1.002 
• 989 

50.2 

50.3 

49.1 

49.?. 

(30; 

29.7 

29.9 

29.7 

J0.5 

9.21 

9.25 

9.21 

9.46 


.896 

.908 

.901 

.904 


.482 

.462 

IS 





14.6 

29.I 

50.6 

87.4 

23.8 

21.9 
21.9 
23.5 

47.1 

i*j*(3 

20.9 

.586 

.286 

.161 

.051 

517 

m 

260 

.062 

.061 

.067 

.062 

.960 

.953 

1.059 

- *9,6? 

jwt 

p 

?{:! 

(20) 

20.7 

21.1 

19.1 

20.8 

9.65 

9.82 

8.88 

9.64 


.848 

.833 

.866 


.437 

.427 

.499 

.436 





14.0 

28.0 

&4.’i 

9.2 

11.9 

11.1 

13.4 

49.3 

it: 

22.9 

.717 

.360 

.194 

.055 

6 38 

Pf 

236 

.064 

.064 

.064 

.064 

.935 
1.002 
.961 
,9 13 

7,0.1* 

74.5 

71.6 
71-7 

(25) 

25.1 

25.O 

9.52 

9.28 

9.32 

9*25 


• 974 
.916 

■Ml 


.471 

.472 

.1*60 

.461 





S:I 

11 .7 
10.4 
11.7 
12.0 

47.7 

47.2 

43.8 

23.2 

.59° 

.289 

839 

558 

2^0 

.067 

.064 

.066 

.060 

1.026 

I.005 

1.022 

.926 

73*3 

73.9 

74.5 

73.0 

(20) 

28.8 

29.8 
29.2 

31.8 

8.93 

9.22 

9.0t* 

9.05 




1 H 

:SI 





83 

11.1 

10.7 

11.8 

11.6 

43.5 

02.6 

43.4 

22.9 

.477 

.232 

•133 

.041 

545 

i 

256 


lengths are for the actual test specimens for vhlch c = 3.75 approximately. 
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TABLE 6 COMPARATIVE DESIGNS OF Y- AND Z-STIFFEN3D PANELS (j^ =5.0 klpa/lnch; o=l; minimum-weight dealgna In paranthaaaa) 





L = 10 In. 

~ ~ ~ 1 =^ 1 " 


t s 7-£nr 

t 3 , in. 

Panal ; 

4020 0 

.025 0 

.032 0 

ToCcTo 

.051 0 

.064 C 

.081 0 

j. 02 . 0 

.125 C 

>.025 0 

,072 Q 

.040 p 

i.051 0 

*064 c 


4102 0 

^125 fl 


c 

,4o 

C ftS-l 
( 24S -T 



c 

553nr 

( 

38 . 0 )( 

73.9 

36 . 2 H; 
29 . 1 ) ; 

55 . 6 ) 

24,4)1 

20.37 




39-4) 

titan 

3i*k7L 

2CT5T 

27l6)L 

Si 

201 
1244 r 




naJfiT: 

I 75 S-T 
If 24S-T 


( 

52 . 2 ) 

47.5 

39.4) 

la./ 

36.1 

#3lr 

35.5 

32.0 

29.8)(i 

27.7 


2l.?1 


( 

4o.4) 

( 

36.8 
31*0.7 _ 

( 

32.2 

304 .. 

53.0)r 

27.5 

26.3 

23 . 6 )( 

22.5 

20.2)1 

16.9) 


*} 

i 75 S-T 
I 24S-T 

( 

*- 5 \ 

51.4 

4-0.9) 

46.9 

38.1 

fir - 

41.0 

34.4 

30.9 


24.3 



. 

40.0 

3k±57 

( 

Itii 1 

3^157 

33.2 

1 a*3_. 

26.0 

I!*!.- 

23.1 

1975" 


<k»i) 

•79 

sr 75 S-T 
y 24s -t 


53.2 


P r 

36 *.2 

33.3 

31.4 

27.2 



41.0 

( 

34a) 

r 

39.9 

5i*i. 

30 -. 9 . _ 

29.0 
|LA_ _ 

^5.8 

22.8 



3 

.00 

r 75 S-T 
24S-T 

54.4) ( 

52.4 ( 

59.0) 

mhr 

36.9) 

35.2 

33.3 

^918“ 




m- 

r 

41 . 5 ) 

34.0 

5|.o) 
58. 8 

30.3 

30.2 

25.3 

25.6 





•4o 

V 24S-T 




iSfrr 

^07: 

38 . 0 ) 

23J 

To/TJ 

19.8)( 

B3J 

(7.2) 



r 

277^7 

mi 

20llll 

S’il 

( 8 . 7 ) 

10 . 1 ) 



* 

ztSIit 

y 75 S-T 

Y 24S-T 


( 

52.2) 

( 

36.0 

39.4) 

17.8 

34,1 

BI57 

10.7 

26 J* 

^ifrr 

13.1 

15197 

T9iin 


( 

32 . 5 )^ 

20.1 
.33*07 r 

H- 7 

28.0) ; 

10.5 

20.1 

17797 

44-- 

7T757 

(9*6) 

°or 

.65 

z 24 I 1 T 

Y 75 S-T 

Y ^J{S-T 

( 

53.7) 

8:") 

P;I 

f?tr- 

2 ?;J 

izSr 

14.5 

"217^ 

lo.6“ 



32.7 ( 

20.2 

34.5) 

r 

10,0 

22.3 

35757 

7.5 

2o.O 

11.0 

9.7 


(kai)- 

.79 

Z 24S-* 

Y 75S-T 

Y 2L.S-T 


48.1 

\n 

inrr 

10.4 

34.2 

3 CTJ' 

16.1 


13.8 



55 - 2 ( 

lili) 

1 

?d 

1^737 
8.0 
15*0 - 

24.0 

19.0 

8.2 




L.00 

Z 24 S-T 

Y 75S-T 

(48.0)^ 

22.7 

^9.0) 

34.0 

36 . 9 ) 

16.2 






pil 1 

12 . 6 ) 

30.8 

J i: V 

15.5 

29.0 

19.6 

8.9 





-40 

V 7p:f 

Y 24s-T 




<-#> 

T7S27 

1.00) 

73SI 

TiSIf 

PH 

!. 72 ) 




.1.32)1 

; 

i:8l 

11.2s) 

1 . 35 ) 

44 I 

1 . 72 ) 



.51 

z 3 s-t 

Y 7SS-T 

Y 24S-T 



(.64) 

.76 

1.01) 

.85 

1.05 

tI#; 

1.08 

1.08 

TTBB7C 
!.35 _ 

1 . 0 ?) 

1.54) 



1.22) 

7:11, 

i:» 

a. 04 ) 
1.48 

-WJ- 

1.40) 

1.72 

1.34)( 

1 . 70 ) 

H 

.65 

z 24 S-T 

Y 7SS-T 

Y PliR-T 


(.72) 

ilol) 

.91 

1.07 

•bj 

1.08 

1.20 

.84 

1.35 

1.67 

1.34 



1.22 

1^2 

i:l? 

1*18) 

1.40 

-t43- 

1.43 

442 

M 2 

1.70 


(In.) L 

.79 

1 24S^T 
t 381 


.72 

,-a 

1.08 

C.H4) 

1.35 

T7#T 

T73T' 



i<i7 

1.38 

; 1*527 

m 

a. 13 ) 

:’*.03 

1.32 

442 

1.34 

1.72 




1,00 

z 25 -t 

Y 7SS-T 

(.68) 

.85 

(.69) 

(. 8 $) 

1.08 

1.08 

ran 

1.35 

1.0 7 

“ns r 




1.32) 

1.28) 


a. 24 ) 

i;?? 

1.20 

1*22 

1.34 

1 . 78 " 


re ftITT 


S 

.Uo 





( .bz y 

T^YT 

1.0U) 

nran 

(1.51) 

If] 

HI 

5.78) 




1 . 36 J 

[2.02) 

i-»7k7 

5 . 44 ) 

in 

1*^1 

r t n \ 

.51 

2 2 Jls^ 

Y 75 S-T 

Y ?f|S-T 



(. 60 ) 

1 $) 

1.61 

1.24 

rrftrt 

2.58 

1.80 

3.13 


!b.46) 



( 1 . 01 ) 

1.68 

pJ.22) 

2.46 

2.07 

(2.83) 

M- 

-Wj- 

u ee~ 

lioo J 

.65 

z 243 -T 


(. 53 ) 

.85 

( .70) 

1.40 

1.00 

itfr 

2.53 

1.57 

2.48 

5.70 

6.75 



.85 

ulfc 


( 2 . 24 ) 

J:S 

-2*ia_ 

6.37 

8.55 


(in.) 

.79 

Y 75S-T 

Y 24 s -T 


.67 

1.11 

.86 

1.00 

1.90 

1.16 

psh 

2.07 


4.71 



.67 

1.21 

(iki 



2.69 

4^ 

5.98 

7.«>5 



1.00 

Z 245/r 

Y 75S-T 

(.59) 

,$) 

lif 

1.06 

cwi 

1.74 


TM~ 




(.98) 

C.71) 


11 . 4 IJ 

2.15 

1.90 

I .98 

3.24 

6.08 




h 

(in.) 

.40 

Y 75S-T 

Y ?JiS-T 




( .ioj) 

rnra 

( . 219 ) 

CT1 

( .177) 

( .1421 
( .159) 

.1627 

(.171) 

(.190) 




l . 25 O ) 

( .23^7 
4.510) 

( .193] 

( .186) 

( .204) 

7 — rnTT 

.51 

Z fijs^T 

Y 7SS-T 

Y 24s-T 



( . 167 ) 

.166 
( .279) 

*2^| 

.207 

rMi 

.216 

(. 156 ) 

(.145) 



(.329) 

lIHL 


1 

( .19C>) 

-"ir 

( * 172 ) 

( .183) 

.65 

Z 24 S^P 

Y 75 S-T 

Y 24s -T 


(.212) 

•!96 
( .314) 

.192 

.295 

*.189 

.276 

rar 

.261 





.381 

,;$> 

aa 


-*§|f 

.Z 48 



.79 

z 

Y 75 S-T 

Y 2h.3-T 


.209 

.215 

.346 

rar 

.229 

.293 

.317 

rar 

,2zr 



.419 

.430 

(. 538 ) 

A 

[ !2?8 } 






1.00 

Z 2Ss-r 

Y 75S-T 

[ .222) 


rain 

.274 

.333 

raft 

.373 

ra£" 

rar 




(.461) 

Uk2i7 

(.422) 

■AIL 

l .4091 
.339 
.519 

.333 

r4&i 

• 306 

.330 




P 

(In.) 

.40 

Y TjsTf 

Y zIiS-T 




raft 


ira^ 

K. 309 : 

ras7 

(. 299 ) 

W\ 

'•akj 




( .415) 


PI 

V J 

PI 

( . 363 } 

.51 

z fns=¥ 

Y 75S-T 

V ?fiS-T 



( . 236 ] 

.261 

( .384; 

.269 
1 .378 

( .248 
.315 
.349 

( . 237 ) 

J+03 

( . 259 ) 

( .288) 



(.458! 

.500 
( .576) 

.510 

•f0i7 

-nab- 

■ — T7T7T 


.63 

- £ 

Z 24 S-T 
i Y 75S-T 


(.2661 

1 .281 
( . 387 : 

.304 

) .399 

'llf 

.418 

--7OT 

.439 

■rar 

.357 



.471 

urn 

iJS. 

ra04. 

.427 

1 .448 

.40 f 

1, 7 ST 



•7$ 

-l SSIT 

'?JS3 


.267 

.306 

.L 22 

.362 

.393 

( . 291 " 
.476 


_ ra2~ 



.459 

.540 

u&i 

>ji 

( .418. 

M 

.459 

.422 
"1 

•4 ' 0 



l.OC 

' 2 245IT 
) Y 75 S-T 
Y 2kS-T 

[ .262! 

) .316 
( .383 

riw 

, 

.496 

]~rm 

■"3i5r 




^22. 

(.542 

.569 

>fe 

) .447 
.621 

•4&7 

•574 

7 1 0*1 n 


\ f ih n 


t W 

.4c 





tStt 

irzr^ 

(27.0 

ynBT^ 

)(21.0 

7(18. 0 ; 
)(i8.o: 

)(i 8 .o; 

1 ( 18 . 0 ; 

(18.0) 




(33.0 

) ( 28 .9 
.03*0 

JKdlmU 

) UO .u 

( 18.0 

■'-jr — r 

J \ 10 • V 

Ibh- 

11 20.0 ) 

.5) 

~ z itr-i 

l ?B£5 

1 


(21.5 

) 20.2 
(27.4 

13.0 
) 22.5 

18.0 

18.0 

Ir^rro" 

10.0 


(20.67 



(33.0 

) 30.0 
(55.0 

26.0 

! r!K 

(25.0 

I 9.7 

l8.0 
"V ' 3-7 n 

l tD .5 

18.0 

-~26^ 

- 2070 


• 6; 

■ 2 St"--] 

5 Y 75S-1 
Y 2liS**1 


( 24.0 

) 20.7 
(27.0 

1 11:3 

~Z5T0 

18.0 

20.0 

“"251^ 

18:0 

~“2$7o' 

' 20.7) 



33.0 

31.1 

_L31*o 

26.4 
) 23.5 

IB 

24.0 

) 2f .U 

18.0 

“Zo.o 

- 2oI2 



•7' 

- z Si/ 

9 Y 75S-'] 


19.2 

18.0 

23.3 

18 .0 

"CSO 

10.0 

7 "2^o 

~ 20.6 



31.9 

30.0 

25 .0 

l ?s-i 

2li.6 

1 O . u 
18.0 





1.0 

Y-24S- 1 ] 
Z St/ 
0 Y 75S-; 

U 8.2 

) 18.0 
(21.0 

18.0 
) 18.0 

1(20.6 

18.0 

) 2I57Q 

“2UIC 




(28.5 
(27 .7 

)( 24.0 

7^L*5 

( 30.0 
) 18.0 
.23*3 

7 22.5 
1 18.0 

20.6 





b s 

.4 







iljia 

1 ) ( 62,6 

l)(49.9 

l{Si! 

7(82^ 




( 38.0 

)(49*5 

(39.1 

in 

Jte 

II 4 I.? 

7(67.17 

.5 

_ "z Dti- 

1 y 75 s-' 

T 


(23.6 

mb 

as 

(27. c 

- 60 .$ 

) 44/ 

nrSoto 
1 65.8 

)( 50 »o 

H67.7 



(30.9 

1 ) 48.4 
L35*l± 

61 . c 
) 48*2 

1 69 . c 
1 51.5 

rr-fi c 

h-SH 

, 6874 


.6 

y 24a- 1 
“2 242- 
3 ; ???-: 


(23.C 

'>,ai 

> 54.5 

0 3 ? C 

i B;J 

) -%?< 
) 63 •( 

r-gt7 

) 

66.0 



28 •£ 

1 49. c 
( 32 / 

> 72.5 

, ( oB 

i) 40. v. 

S--S4 

- -m r~ £ 




.7 

Y 24S- 

1 sfe: 
’ 9 ? 1ST 

T 

T 

T 

55.5 

i 51.5 

31. c 

i 7M 

i 39 A 

) (32.1 

S 62/ 


r~5o 



23 .c 

1 U7.1 
J22ti 

^ 70 . ( 

(34.2 
) 84 .C 
) 66 / 
n — 717 — C 

!) 42.3 

1 76 / 
! — 5 OH 

■ 49 .I 
> 

ht. ( 




l.c 

Y < 140 - 

z ag- 

10 ? m: 

T 

T (55.C 
T 

» 54/ 
(28.! 

ita. 

L 81.1 
>) 43-C 

4 

3 6%‘ 

m 3 t: 

5 5711 




(44/ 

(23/ 

5) (72.C 
» 43/ 

)) Mis 
> 66/ 

- ) ^0 *C 

3 81/ 

> 
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:omkit: 
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rEE FO] 

ADVISC 
R AEROI 

(JAUTICS 


NACA TN No. 1389 


31 


TABLE 6.- COMPARATIVE DESIGNS 07 Y- AM) Z- STIFFENED PANELS - Concluded 



*3 

Panel 

L = 30 in. 

L = 4o in. 

t 8 . in. 

t 3 , in. 

J.025 

0.032 

0.040 

0.051 

0.064 

0.0*1 

0.102 

0.125 

0.156 

0.188 

3.032 

0.0-40 

0.051 

n.064 

Q1&L 

0J£2 

0125- 



(loD 

0.40 

Y 7S 9 -f 

Y 243-T 





r$on 

27.5 

127727 

26.4) 

(22.8) 

(22.4) 

1972) 

(19.1) 

(16.1) 

16.1) 






(25.4) 

(24.3) 

(2S.0) 

(18. 7) 
(18.6) 

15.7 

tHi 

(13. 5) 

•51 

Z 24S=T 

Y 75S-T 

Y 243-T 




31.7 

30.1 

(28.5) 

23-5 

25.6 

25.2 

722757 

22.1 

21.6 

7I9747 

18.7 

(16.3) 

(14.0) 




27-0 

_2^1_ 

24.5 

24.2 

( 21 . 0 ) 
21.0 
20.9 

( 19 - 1 ) 
16.2 
18.1 

(15.9) 

(13.3) 

.63 

Z 243-? 

Y 753-T 

Y 243-T 



32.3 

(32.7) 

i30.4) 

1CT 

30.4 

28.3 

725717 

26.2 

25.0 

"2271" 

19.0 





27.7 

26.1 

(27.5) 

(III) 

(24.2) 

24.5 

24.2 

21.2 

20.8 

18.7 

15.^ 


.79 

z a4S=T 

Y 7SS-T 

Y 24S-T 


32-9 

34.8 

(30.6) 

■tTTTT 

III 

(767TJ 

28.7 

26.8 

“2473” 

"5175“ 





28.5 

25.9 

(29.8) 

(27.6) 

24. § 
26.8 
25.8 

231 

22.5 

20 ib 

17l 



1.00 

2 24S-1 

Y 753-T 

Y 249-T 

[33.5) 

(36.3) 

(31.0) 

TFTi 

(35.0) 

30.3 

TTrm 

28.3 

267F 

TFT 





(30.2) 

(27-J5) 

(31.2) 

(28.2) 

T2473) 

28.1 

(24:3) 

-21*2- 

22.7 

20.2 




a cr 

o»n 

.40 

* 75S-T 
Y 243-T 





(2$ 793 
27.5 

mm 

(18.6) 

7TT757 

(13.7) 

TT5757 

(10.5) 

(80) 

(9.0) 






(22U 

(2441 

(13-1) 
(13. i) 

(10.4) 

(12.1) 

( 11 . 8 ) 
(13.J) 

(7.5) 

(8.1) 

.51 

2 2 4S=T 

Y 7R9-T 

Y 24-S-T 




31.7 

14.2 

(22.2) 

23.5 

10.1 

13.6 

720757 

9-0 

9.2 

7IF7I7 

7.8 

7T5797 

”7972) 




26.0- 

-254- 

11.4 

14.3 

(21.8) 

9.1 

104 

(14.9) 

8.3 

-44 

(15.2) 

113. 3) 

.63 

jt245=t 

Y 753-T 

Y 243-T 



32.3 

(14.7) 

(23.7) 

24 TT 
7.5 
10.1 
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TABLE 7 COMPARATIVE DESIGNS OP Y- AND Z -STIFFENED PANELS [P t = 5.0 klps/lneh} c=l; nlnlanan-wolght designs in parentheaoa] 
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3-830 

3.778 

4.143 

4.083 

4.026 

M 72 

4.346“ 

4.284 

4.225 

4.166 

4.42* 

»•}&. 

4.760' 

4.695 

4.629 

LjLpl- 

4.971 

4.901 

4.834 

4.7ZQ 

5.1^* 

5.110 

6.041 

■S/- 

5.391 

5-322 

5-252 

5.186 

5.6O7 

m 

-HU 

"I?— 

32 

£ 

77461 

2.429 

1:515 

2.330 

■77553“ 

2.596 

2.55? 

2.524 

2.493 

2.767 

2.728 

2.692 

2.656 

“?79*r 

2.943 

2.902 

2.865 

2.828 

3.164 

3-123 
3. 081 
3.039 
3.000 

3.350 

3.303 

3.260 

3.217 

3.177 

T335 

3.487 

3.443 

3.398 

3.353 

3.725 

3-675 

3.625 

3.579 

3.537 

3.I18 
3.867 
3. 816 
3.768 
3-720 

4.110 

4.058 

4.005 

3.957 

3.9 0 7 

4.516 

4.252 

4.198 

4.14-8 

4.098 

4.394 

4.343 

4.286 

4.711 

4.650 

4.594 

4.536 

4.484 

4.916 

4.854 

4.791 

4.73s 

4.678 

5-118 

?:?H 

MS 

5.329 

5.265 

5.199 

5.139 

*ir- 

9 

5? 

2.274 

2.243 

2.216 

2.189 

"2! 467 
2.430 
2.398 
2.370 
2.341 

2! 674 
2.591 
2.558 
2.528 
2.699 

2.790 

2.756 

2.722 

2.687 

2.656 

‘ 2.961 ' 
2.926 
2.886 
2.655 
2.818 

-TT#- 

3.096 

3.059 

3.022 

2.984 

Toll 

3.269 

3.193 

3.154 

3.140 

Ifr 

3.497 

3.368 

3.328 

3^72 

3.627 

3-587 

3-542 

3-501 

3.857 

3.812 

3.766 

3.724 

3-682 

4.04> 

4.000 

3-953 

3.905 

3.862 

4.234 

4.186 

4.138 

4.089 

4.045 

4.430 

4.376 

4.326 

4.276 

4.231 

4.624 

4.568 

4.518 

4.467 

4.415 

4.821 

4.764 

i:S2 

4.608 

5 .020 

5:IS 

4.851 

-ii -m 

- Ttr ~ 

44 

46 

4« 

90 

77141“ 

2.092 

2.o47 

2.005 

1.967 

2.2*7 

2.237 

2.190 

2.141 

2.102 

■2143*" 

2.386 

2.332 

2.287 

2.23b 

2.594 

I.SI2 

2.432 

2.384 

2.754 

2.692 

2.635 

2.561 

2.526 

27917“ 

2.854 

2.79p 

2:85 

“T70*6“ 

3.015 

2.949 

2.886 

2.828 

5. 25* 
3. 180 
3.112 

3.047 

2.987 

3.423 

3.349 

3.278 

3.212 

3.145 

3 twt 

m 

!:P 

3.775 

3.691 

3.617 

3.541 

3.470 

3.956 

3-870 

3-788 

3.711 

3.638 

4.134' 

3 *.963 
3.884 
_^809 

4.32S 

4.232 

4.141 

4.060 

3,-|22- 

4.506 

4.415 

4.321 

4.239 

4.601 

mi 

Mgj 

54 

56 

0 

I 

1.889 

1.858 

1.822 

1.795 

2.061 

2.015 

1.983 

1.950 

1.912 

57T9 1 * 

2.156 

2.112 

2.078 

2.038 

'Z.55T 

2.291 

2.245 

2.210 

2.169 

2.476 

2.430 

2.368 

2.341 

2.303 

"27626“ 

2.573 

2.524 

2.481 

2.437 

2.7^T 

1 : 11 } 

2.624 

2.579 

2^26 

2.870 

2.819 

2.766 

2.719 

3-082 

3.024 

2.971 

2.918 

2.863 

3.241” 

3.182 

3.122 

3.066 

1.010 

3.404 
3-337 
3. 281 
3-218 
3.161 

3-571 

3-502 

3.438 

3.374 

3.116 

m 

3-598 

3.532 

3- §07 
3-835 
3.J61 

v.fe 

4.076 

4.002 

3.927 

3.858 

4.248 

4.173 

4.09b 

4.026 

IT 

69 

72 

TrWT 

i:II| 

1.630 

i.m 

1.820 

1.7«0 

1.740 

379**“ 

1.943 

1.896 

1.854 

s.iir 

2.064 

2.016 

1.972 

2.545 

2.189 

2.139 

2.068 

27375 
2. 318 
2.260 
2-213 

T76IO 

2.451 

2.391 

2.336 

2.648 

2.587 

I:i 

2.789 

2.721 

2.657 

2.599 

l:Ii§ 

2.792 

2.732 

3-08l 

3.004 

2.937 

2.868 

3.235 

3.154 

3.078 

1408 

3 • 383 
3.300 
3.222 
J.15Q. 

3.369 

3.696 
3. 608 

]:IS 

3 . 8t>0 

3.763 

3.673 

75 

78 

81 

84 

TtwT 

1.567 

1.538 

1.507 

"rffT 

1.638 

1.606 

17*17" 

1.774 

1.741 

1.708 

T792*" 

1.889 

1.849 

1.815 

T754T 

2.001 

1.946 

1.918 

27160 

2.118 

2.075 

2.032 

2:2*7 

2.237 

2.187 

2.149 

2:412 

2.361 

2.308 

2.262 

2.540 

2.487 

m 

2.672 

2.610 

2.555 

2.505 

2.806 

llll 

2.628 

2.944 

2.879 

2.820 

2.761 

3.077 

3.011 

2.951 

2.890 

3.221 

3.153 

3.086 

3.021 

3 • 3^* 
3.290 
3.227 

jISl 

:l 

3.301 

15 

II 


4.393 

4.361 

4.329 

4.297 

4.684 

4.650 

4.616 

4.584 

4.974 

4.940 

4.905 

4.871 

5.266 

5.232 

5.197 

5.160 

5.560 

5.451 

5.846 

5.809 

5-771 

5.736 

6.1-33 

6.094 

6.058 

6.021 

6.427 

6.390 

6.352 

6.314 

1:111 

6.647 

6.609 

7.003 

6.966 

6.925 

6.887 

7.299 

7-247 

7.221 

7.181 

7-585 

7.545 

7^6 

7.879 

7.840 

7.801 

7.760 

8.158 
8.118 
8. 077 

8.444 

8.402 

8.361 

8.323 

8.708 

8.667 

8.628 

8.588 

27 

28 

29 

30 


■47766 

5:151 

4.175 

T7^5T 

4.521 

4.U89 

4.458 

-TTZjr 

•4.807 

4.775 

4.744 

57157“ 

5.094 

5.063 

5.029 

“5N*l*“ 

5-383 

5-350 

5.316 

$.700 

5.665 

5.632 

5-598 

yy 

5.949 

5.913 

5.878 

6.278 

6.243 

6.206 

6.171 

6-573 

1:111 

6.463 

6.851 

6.813 

6.776 

6.738 

7 . l4u 
7.106 
7-069 

7-2J 1 - 

7.429 

7.391 

7.351 

7.313 

7.721 

7.682 

7-641 

7.604 

7.9^7 

7-959 

7.919 

7.881 

8.281 

8.243 

8.203 

8.165 

8.546 

8.508 

8.468 

8.41° 

3T 

32 

9 


■47147 

4.121 

4.090 

4.066 

4.037 

4. 1129" 
4.400 
4.369 
4.341 
4.315 

477T5" 

4.684 

4.651 

4.622 

4.593 

479^6“ 

4.966 

m 

4.876 

- r&r 

5.253 

5.221 

5.189 

5.159 

-twr 

5.531 

1 : 8 ? 

5.437 

57*46^ 
5. 812 
5.780 
5.747 
5.713 

6.135 

6.101 

6.066 

6.033 

6.000 

6.427 

6.392 

m 

6,290 

6.702 

6.667 

6.632 

6.598 

6.564 

6.995 
6.957 
6.921 
6.888 
. 6.853 

7.277 

7.239 

7.203 

7.170 

-JU112 

7-568 

7.53p 

7.494 

7>57 

7.422 

7.806 

7.767 

4* 

8.125 

8.087 

8.051 

8.014 

. Z--37* 

8.391 

8.353 

8.314 

S.27« 

8.240 

37 

38 

8 

p 

ttott 

3.987 

3.959 

3.934 

3.909 

"472*8“ 

4.261 

4.233 

4.208 

4.182 

47566 

4-538 

Mil 

4.458 

“47*45“ 

4.817 

4.769 

4.759 

4.733 

“57728 

5.100 

5.066 

5.o4i 

5.010 

5.406 

5.374 

5.344 

5-314 

5.284 

5.682 

5.650 

5-620 

5-589 

5.557 

5*966 

5.933 

5.903 

5-873 

5.843 

6:254 

6.222 

6.192 

till 

6.529 

6.296 

6.462 

6.432 

6.4oo 

6:818 

6.785 

6.751 

6.717 

6.685 

7.096 

7.063 

l.f 

7.387 

7.350 

7.316 

7.281 

7.249 

7.660 
7.623 
7.589 
7.554 
. 7-il2_ 

7.941 

7.904 

7.870 

7.835 

8.204 

8.167 

8.130 

8.095 

6. 059 

42 

44 

46 

48 

90 

*9 

rtSr 

3.817 

3.772 

' 4.152' 

4.084 

4.039 

3-991 

3.950 

“475$IT 

S:$ 

4.260 

4.210 

“47 Hr 
4.629 
4.577 
4.529 
4.482 

“^7955“ 

4.901 

4.849 

4.800 

4.748 

-^722*” 

5.174 

5.117 

5.067 

5.015 

t:i 

5 • 3*7 
5-332 
5.279 

5.783 

5.724 

5.666 

5.611 

5.558 

6.065 

6.005 

5.947 

5-891 

5.833 

6.335 

6.275 

6.212 

6.156 

6.098 

6 . 619 

Mil 

.MU 

§:897 

6.832 

6.769 

6.708 

6.648 

7.179 

7.114 

7.050 

6.988 

-448- 

7- u 52 

7.387 

7.319 

7.257 

- Hlf- 

7.595 

7 • 9®5 
7.924 
7. *56 
7-7*9 

-9- 

5» 

56 

IS 


tf64 1 
3.605 
3-571 
3-531 

3. 499 

5- 908 

3.860 

3.825 

3-789 

3.747 

' 57157- 

4.128 

4.083 

4.046 

4.003 

' 4.45ir 

if 

4.262 

-"09f 

4.654 

4.612 

4.564 

4.525 

4.966 

4.915 

4.868 

4.824 

4.779 

5.230 

5.179 

5.131 

5.087 

5.042 

5.503 

5.451 

5-403 

5-353 

5.307 

5-778 

5.726 

5.677 

5.627 

5.575 

6.042 

5.990 

5-935 
5-885 
. . 5 --113 

6:320 

6.262 

6.213 

6.156 

6.104 

6.592 

S:$ 

6.423 

6.36? 

6 . 06s 
6.809 

6 '. 6 p 

-441 

7.136 

7.078 

7.017 

6.959 

6.906 

7.407 
7.348 
7.287 
A 21? 

TSS 

7.543 

7.485 

7.426 

" ' ^ ~THi 

IT 

69 

72 


yM 

3 

3.300 

■s 

3.592 

3.543 

"“TW 

3-895 

3-840 

3.790 

4. 204 

4.147 

4.091 

4.o4o 

' 47462 
4.4oi 
4.346 
4.287 

:i 

l:l]\ 

4.971 

4.910 

4.846 

4.786 

5.236 

5.174 

5.109 

5.042 

*•.# 
5.353 
. -5.. 3.02 

5.760 

5.691 

5.618 

-.5-557. 

6 .032' 
5.954 
5.888 

6 . 296 
6.219 

6.146 

- |-°ii 

6.563 

6.485 

6.412 

- 

6 . 826 
6.748 
6.667 

7.089 

7.011. 

6.930 

7.345 

7.261 

7.179 

--Hi 

-ft- 

78 

81 

84 


3. 218 
3.178 
3.137 

‘W 

3.452 

3.411 

3-369 

"T7 yr 

3.691 

3.649 

"TW 

3.940 

3-890 

3-847 

‘ 4tf34 
4.185 
4.138 
4.083 

4.428 

4.377 

4.325 

TTT 

4.616 

4.570 

' 4.986 
4.929 
4.869 
4.815 

5.244 

5. 186 

5.126 

5.071 

5.493 

5-427 

5.366 

5.311 

5V54 

5.688 

5.626 

5.563 

6.012 

5.944 

5.883 
5. 819 

6.269 

6.201 

6.139 

6.074 

6.524 

6.656 

6.385 

6.321 

b.75o 

6.710 

6.647 

6.573 

□ AirnnM 

J.Qdo 

6.959 
6. 888 
6.823 
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TABU 10- Y-PANEL PROPERTIES = 0.51; ^=9.3; 1. 


04; 




18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

3 

It 

*1 

*s 

lTTUT 

1.728 

1.708 

1.689 

1.770 

1.749 

1.729 

1.710 

1.792 

1.770 

1.750 

1.730 

1.812 

1.790 

1.770 

1.750 

1.^32 

1.810 

1.789 

1.769 

1.852 

1.629 

1.808 

1.788 

1.871 

1.646 

1.827 

1.807 

1189 

1.866 

1.846 

1.824 

I.907 

1.884 

1.862 

1.842 

1.924 

1.901 

1.880 

1-859 

1.941 

1.918 

1.896 

1.875 

1.95* 

1.934 

1.912 

1.891 

1.974" 

1.950 

1.928 

i:907 

i:ll! 

1.944 

-1,923- 

2.004 

1.981 

1.959 

1.938 

2.019 

1.996 

1.974 

U95.2. 

27 

26 

29 

30 

17671 

1.654 

1.638 

1.623 

l.b92 

1.674 

1.658 

1.642 

1.712 

1.694 

1.678 

1.662 

1.731 

1.714 

1.697 

1.681 

i:750 

1.732 

i:gi 

1.769 

1.751 

1.734 

1.717 

Tiwr 

1.769 

1.751 

1.734 

1.805 

1.7*6 

1.769 

1.752 

1.822 

1.803 

1.785 

1.768 

1739 

1.820 

1.802 

1.785 

Ilf 

1.818 

1.801 

ll71 

1.852 

1.834 

1.816 

1.867 

1.868 

1.849 

1.832 

1.902 

1.883 

1.864 

-Ilia- 

1.917 

1.898 

1.879 

1.861 

1.932 

1.912 

1.893 

1,875 

ir 

p 

1.608 

1.594 

1.581 

1.566 

1.556 

1 . b28 
1.613 
1.600 
1.587 
1.574 

1747 

1.632 

1.618 

1.605 

1.592 

1.665 

1.650 

I.636 

1.623 

1.610 

1.683 

1.668 

1.654 

1.640 

1.627 

i.7oi 
1 . 086 
1.671 

lift 

I.71I 

mi 

1.674 

1.661 

1.735 

1.720 

IM 

1.677 

1.752 

1.736 

1.721 

i:K 

1.768 

1.752 

1.737 

1.722 

1.708 

777ir 

1.768 

1.752 

1.738 

1.723 

1.799 

1.783 

1.768 

1.753 

1.738 

1.815 

1.798 

1.783 

1.767 

1.753 

1.829 

1.813 

1.797 

1.782 

1.767 

1.844 

1.827 

1.811 

1.796 

1.781 

1.858 

1.841 

1.826 

1.810 

1-795 

ir- 

u 

ft 

T754E - 

1.533 

1.522 

1.512 

1.502 

1.362 

1.551 

1.540 

1.529 

1.519 

1.580 

1.569 

m 

1.536 

1-591 

1.586 

1.5/4 

1.563 

1.553 

17fT$" 

1.602 

1.591 

1.580 

1.569 

1731 

1.619 

1.607 

1.596 

i.§85 

1.64* 

1.635 

1.623 

1.611 

1.600 

l.bbh 

1.651 

1.639 

1.627 

1.616 

1.679 

1.666 

1.664 

1.642 

1.631 

1Tf9T 

1.682 

1.669 

i;S?i 

ITTIo 

1.697 

1.684 

1.672 

1.660 

1.725 

1.711 

1.698 

1.686 

1.674 

1.73? 

1.726 

1.713 

I.700 

1.6SS 

1:4 

1.727 

1.714 

1,702- 

1.717 

1.753 

1.740 

1.727 

1-115 

1.781 

1.767 

1.754 

1.741 

1,728 

42 

44 

46 

48 

5° 

T748T 

1.466 

1.450 

1.435 

1.420 

i!w 

1.462 

1.466 

1.450 

7.436 

1716 

1.498 

1.481 

1.465 

1.497 

1.480 

i.jft 

l.$4* 

1.529 

1.512 

1.495 

1.480 

1.^64 

1.545 

1.526 

1.510 

1.494 

1.579" 

1.559 

1.541 

1.524 

1.508 

1.574 

1.555 

1.538 

1.521 

1:609 
1.5*9 
1.569 
1.552 
1 -535 

1.623 

1.603 

1.5*3 

1.565 

1.548 

1.617 

1.597 

1.5/9 

1.561 

1.651 

1.630 

1.610 

1.592 

1.574 

1.665 

1.644 

1.623 

1.605 

1.587 

1.679 

lift 

1.617 

-1.591. 

1.692 

1.670 

1.649 

1.630 

1.612 

1.70$ 

1.683 

1.662 

1.642 

1.624 

3 T ~ 

54 

1 

1 . 407 
1.394 
1.383 
1-372 
1.362 

l!422 

1.409 

1.397 

1.3*6 

1.375 

1>37 

1.423 

1.411 

1.399 

1.388 

1.456 

1.437 

1.425 

1.413 

1.4o2 

1.455 

1.451 

1.438 

1.426 

1.414 

1-^79 

1.465 

1.452 

1.439 

1.427 

1.492 

1.478 

1.465 

1.462 

1.440 

1.60b 

1.491 

1.478 

1.464 

1.452 

1.51$ 

1.604 

1.490 

i:!S 

i.532 

1.517 

i:% 3 

1.476 

1:543 

1.530 

1.515 

1.501 

1.488 

I.558 

1.542 

1.527 

1.513 

1.500 

1.570 

1.554 

1.539 

1.525 

1,511 

1.5*2 

1.566 

1.551 

1.537 

-k,.5?3 

1.594 

1.57* 

1.563 

1.548 

1.534 

1.606 

1.590 

1.574 

1.559 

1.545 

il 

69 

72 

T755T- 

1.334 

1.321 

1.310 

ljeo 

1.346 

1.334 

1.322 

1771 

m 

1.333 

i :y«6~ 
1.37J 

1.598" 

1.383 

1.369 

1.356 

r.uii 

1.395 

1.381 

1.368 

1.423 

1.407 

1.393 

1 • 379 

17435“ 

1.419 

1.4o4 

1.390 

1.447 

1.430 

1.415 

1.401 

i:SS 

1.426 

1.412 

1 . 470 
1.453 
1.437 
1.4 22 

1.48i 

1.464 

1.44s 

1.433 

1.493 

1.475 

17%3 

1.504 

1.486 

1.46? 

-U454. 

ik 

1.460 

1.464 

1.525 

1:1% 

1.474 

54 

1.299 

1.269 

1.280 

1.271 

1.3T1 

1.300 

1.291 

1.281 

1.322 

1.311 

1.301 

1.292 

1:322 

1.312 

1.302 

1:544 

1.333 

1.323 

1.313 

m 

1.333 

1.323 

1.366 

1.354 

I.343 

1.333 

1.377 

1.365 

1.354 

1.343 

1W 

i:SS 

1.353 

1.398 

1.386 

1.374 

1.362 

1.40? 

1.396 

1.3*3 

1.372 

lki? 

1.4o6 

1.393 

1.382 

1.42$ 

1.416 

1.403 

1.391 

i:439 

1.425 

1.413 

1.400 

1.44? 

1.435 
1.4 22 
1.410 

1.459 

1.445 

1.431 

1.419 

S 

E 

l 8 

4.209 

4.149 

4.091 

4.034 

4.502 

4.439 

4.378 

4.319 

4.S03 

i:I?l 

4.608 

5.103 

5.035 

4.968 

4.902 

5-409 

5-337 

5.267 

5.198 

m 

5.570 

5.500 

6.031 

5-952 

5.878 

5.606 

TTjET 

6.263 

6.187 

6.H0 

6.661 

1 : 8 ? 

6.422 

JM 

6.815 

6.734 

7.300 

7.214 

7-129 

7.046 

7 626 

m 

7.362 

7.951 

7.857 

7.768 

7.682 

8.275 

8.183 

8.093 

1oo5j 

6.603 

8.509 
8.417 
8-328 , 

8. 934 
8.838 
8.796 

4430 

27 

26 

29 

30 

3.925 

3.874 

3.825 

4.562 

4.204 

4.151 

4.056 

5:83 

4.433 

4.376 

77 £31 
4.779 

Hll 

7131 

5.068 

5.006 

4.947 

iiir 

5.302 

5.237 

tlf 

5.596 

5.529 

7731 

5.965 

5.898 

5.830 

6 . 344 

6.269 

6.197 

6.127 

6.655 

6.578 

6.504 

6.433 

6.965 

6.88/ 

6.811 

6.739 

7.280 

7.200 

lift 

7-598 

m 

7 058 

7.9l6 

7.833 

7-748 

JL in_ 

8.237 

8.152 

8.0bb 

-2-983, 

8.561 

8.470 

8.383 

8.298 

31 

32 

u 

35 

3-775 

3-728 

3-683 

3.638 

3.595 

4;048 

3.996 

3.949 

3.902 

3.654 

4;5k 

4.270 

4.218 

4.170 

4.120 

4.602 

4.546 

W 8 

4.392 

4 . 66b 
4.828 
4.774 
4.718 
4.665 

hn 

5.056 

4.998 

4.944 

5.465 

5.405 

5.343 

5.284 

5.228 

5.760 

5.698 

5-<>35 

5.574 

5.513 

6.060 

5-992 

5-927 

5.865 

5.803 

6.360 

6.291 

6.224 

6.156 

6.092 

6.664 

6.593 

6.521 

6.456 

6.3*6 

6.?68 

6.896 

6.826 

lilt 

7.281 

7.202 

7.131 

m 

7-587 

7.512 

7.435 

7-362 

7.287 

7.903 

7.821 

vm 

8 . 2l6 
8.133 
8. 059 
7-978 

7401 

is— 

I « 7 

52 

3.552 

3-512 

3.471 

3.433 

3.395 

f.eio 

3.768 

3-/25 

3.682 

3.643 

”477774“ 

4.030 

3-983 

3-938 

3-897 

S:I2I 

4.200 

4.157 

77To 

4.561 

4.419 

4: 889 
4.837 

4.667 

5.172 

5.114 

5.061 

|:SS 

$.455 

5.3?6 

5.341 

5.285 

5.233 

5.ml 

5.679 

5.622 

5.565 

5.512 

6732 

5.970 

5.908 

5-849 

5.790 

6.3241 

6.261 

6.19* 

6.13s 

6.077 

b . b 21 

t: 2 lf 

6.426 

6.364 

6.917 

6.852 

6.785 

6.718 

6-655 

7.217 

7.150 

7.082 

7.014 

6.949 

?:^7 

7-378 

7.308 

7.828 

y.m 

7.612 

74^ 

42 

44 

46 

48 

50 

tis r 
3.253 
3. 166 
3.126 
3.062 

3.492 

3.424 

3-355 

3.293 

u rftr 

3-736 

3.662 

3.590 

3-526 

u: 8 ?r 

3.987 

3.910 

3.831 

3.760 

TTjfr 

4.239 

4.160 

4.078 

4.005 

"TT39T 

4.502 

4.410 

4.332 

4.251 

till 

4.671 

4.585 

4.502 

5.127 

5.028 

lift 

4.753 

5-403 

5.302 

5198 

5.107 

5.015 

5.678 

3:83 

5.370 

5.276 

5-95* 
5 • *62 

1:28 

5.541 

6.243 

6.129 

6.018 

5-916 

5.811 

6.531 

6.415 

6.296 

6.192 

6.085 

77824 

6.700 

i-m 

6,351, 

7-115 

1:111 

±K 

7.409 
7. 281 
7.156 
7.033 

6,420. 

ir- 

56 

IS 

T761 

2.948 

2.699 

2.846 

2.802 

3-230 

3-170 

3.114 

3.062 

3.009 

3 - 460 
3-394 
3.335 
3-276 
3.221 

7781 

3.623 

3.563 

j: 8 S 

3:930 

3.859 

3-792 

m 

4:174 

4.101 

4.031 

3.961 

3.895 

4.418 

4.342 

4.271 

4.198 

4.130 

4.^72 

4.5*9 

4.616 

4.436 

4.365 

4.926 

4.841 

4.760 

4.683 

4.606 

5-185 

5.098 

5.015 

4.930 

4.850 

5.446 

5.359 

5.268 

5.182 

5.100 

5.716 

5.61? 

5.526 

5738 

5.354 

5-962 

5.S83 

5.788 

5.698 

540/ 

6.253 

6.152 

6.055 

5.963 

-5,870 

till 

6.326 

6.225 

-6,130 

77805 

6.700 

Hli 

11 

69 

72 

m 

2.605 

2.550 

2.864 

2.803 

2.740 

w 

3.072 

3.002 

2.932 

3.360 

3.279 
3. 208 

3.134 

iTpr 

3.493 

3.413 

3.337 

3.604 

3.712 

3.630 

3.552 

4.032 

3-937 

3-862 

3.765. 

4.264 

4.166 

4.073 

3.984 

4.502 

4.395 

4.299 

4.208 

4 .744 

4.635 

5.985 

MB 

4.663 

5.230 

5.116 

5.OO6 

4.901 

5 • 48o 
5063 
5.250 
5.136 

5.740 

5.614 

5-492 

-5..J82_ 

5-9?8 

5-862 

m 

[6:252 

6.122 

5-995 

5-171 

75” 

76 

81 

84 

y.iw 

2.442 

2.395 

2.347 

2.662 
2.623 
2.573 
2. 518 

“27*71“ 

2.609 

2.752 

2.700 

3 .006 
3.002 
2.942 
2.882 

3.200 

3.138 

3.076 

3172 

3.4o^ 

3.334 

3-270 

IM 

im 

3-900 

3.820 

3.746 

3.671 

4.121 
4.033 
3.957 
3. S80 

4.341 

4.257 

4.172 

4.085 

4:671 

4.4 7 5 

4.384 

4.303 

4.800 

tm 

4.525 

lill 

lift 

5.270 

5.l63 

l:U°7 

5.511 

5.403 

5.300 

5.203 

m 

lift 

15 

11 

P 

t S 

i:SS 

5.993 

5.963 

6.435 

6.410 

6.372 

6.342 

6.822 

6.789 

6.75* 

6.725 

7.210 

7 7 :$ 

7.113 

7.5k 

7.562 

m 

7.976 

7.942 

7.909 

7.876 

8.361 

8.327 

8.295 

6.262 

8.739 

8.705 

8.673 

8.639 

9.128 

9.094 

9.060 

9.02s 

9.492 

9.458 

9.426 

9.392 

9.878 

9.845 

9.809 

9.777 

10.25 

10.22 

10.18 

_io.i5_ 

10.64 

10.60 

10.57 

10,53 

10.99 

10.96 

10.93 

10,8?- 

11.36 

n.33 

n.30 

11.26 

11.70 

11.67 

11.64 

11.60 

27 

26 

29 

30 

5.932 

5.902 

?: SB 

"6.5IT" 

6.279 

6.250 

6.219 

67595 

6.663 

1:81 

7: oil 
7.051 
7-019 
6.988 

7 .W 

7-^32 

7.400 

7.370 

7:«44 
7. 812 
7.781 
7.748 

8.228 

8.196 

8.163 

8.130 

8.607 

8.573 

8.542 

8.609 

19?4 

8.960 

8.927 

8.895 

9.359 

9.325 

9.292 

9.260 

9.744 

9.710 

\k 

10.12 

10.08 

10.05 

10.02 

10.50 

10.47 

10.43 

10.40 

TOT 

10.83 

10.7? 

io.76_ 

11.23 

11.20 

11.16 

-11--13- 

11.57 

11.54 

11.50 

11.47 

-It— 

32 

8 

35 

57FPT 

5.786 

5.758 

5.729 

5.719 

Tim - 

6.160 

6.132 

6.104 

6.074 

TUT 

6.511 

6.482 

6.453 

775T 

6-925 

i:SS 

6.836 

■77537" 

7.306 

7.276 

7.245 

7.215 

7T716” 

7.685 

7.652 

7.621 

7.591 

6 . 0?S 
8.O67 
8.035 
8.003 
7.977 

8 ‘.412 
8.381 
8.348 

1163 
8.82 9 

Sin 

8.734 

9.226 

9.193 

9.161 

9.128 

9-096 

9.612 

1:122 

9.513 

79.479 

1982 

9.949 

9.917 

9.884 

9.85Q 

10.37 

10.33 

10.30 

10.27 

10.23 

10.73 

10.69 

10.66 

10.63 

10.59- 

11.10 

11.06 

11.03 

10.9? 

11.44 

11.40 

11.37 

11.34 

11.30 

3o 

52 

I# 

5-619 

5.594 

5.567 

6.019 

5.991 

5.963 

5.936 

6.424 

6-397 

6.367 

6.33* 

6.3H 

TToT 

HZ? 

I:ill 

7.18b 

7.154 

7.126 

7.097 

7.067 

7.560 

7.530 

7.500 

7.471 

7.441 

7.942 

7.910 
7. 880 
7.848 
7.618 

inr 

8.285 

8.255 

8.223 

8.194 

8.700 

8.668 

8.638 

8.606 

8.578 

9.065 

9.033 

9.000 

8.969 

8.936 

9.448 

9.416 

9.384 

9-352 

9-320 

9.819 

9.785 

9.752 

9.721 

9.689 

10.20 

10.17 

10.14 

10.01 

10.01 

10.56 

10.53 

10.50 

10.46 

10.43 

10.93 

10.90 

10.86 

10.83 

10.80 

11.27 

11.24 

11.21 

11.17 

11.14 

75~ 

44 

46 

48 

50 

f# 

5.417 

5.369 

5.319 

77*1 

5-831 

5-782 

5.730 

5.663 

6.254 

6.198 

6.150 

6.098 

6.051 

6.636" 

6.580 

S:SZ 

6.418 

7.008 

6.952 

6.899 

6.890 

6.792 

7.382 

7.326 

7.266 

7.214 

7.15? 

7-759 

7-587 

7.532 

8.I3I 

6.072 

8.013 

7.957 

?.s?s 

8.614 

e.*55 

8.392 

8.336 

8.277 

7.875 

5.615 

1 :® 

8.635 

9.255 

9.196 

9.152 

9.075 

4loil- 

9.625 

9.563 

9.500 

9.441 

9-3Z3- 

10.01 
9.944 
9.879 
9.820 
9 •- 75* 

10.37 

IO.30 

10.24 

10.18 

10.11 

10.73 

10.67 

10.61 

10.54 

4o4|_ 

11.08 

11.01 

10.95 

10.89 

10.82 

52 

12 

22 

5.274 

5-2?6 

5.185 

5.142 

5.102 

7734 

5-587 

5.541 

5-498 

5.453 

6. 601 
5.95p 
5.904 

5.856 

5.811 

6.367 

6.318 

6.272 

6.224 

6.178 

1:686 

6.636 

6.587 

6.537 

7.10$ 

7.053 

7.002 

6.949 
6 .89? 

>.474 

7.422 

7-371 

7-318 

7-267 

rrwr 

7.787 

7.736 

7.679 

7.62? 

77220 

8.163 

8.108 

8.055 

7.99? 

8.577 

8.S21 

8.466 

8.4o? 

8J54_ 

8.955 

8.898 

8.839 

8.782 

-S.727_ 

9.322 

9.262 

9.203 

9.146 

9.090 

9.697 

9.637 

9.578 

If. 

10.05 

9.993 

9.934 

9.877 

9,818 

lo.42 

10.36 

10.30 

10.24 

10.76 

10.70 

10.64 

10.58 

loll 2 

IT 

69 

72 

5.044 

4.961 

4.921 

4.866 

-fjsf 

5.326 

5.270 

5.212 

m 

5.683 

5.622 

5.558 

57169’ 

6.04l 

5.97? 

5.914 

7757“ 

6.398 

Ha 

b.m 

iffi 

6.621 

7.193 
7- 118 
7.050 
6.Q79 

7.553 

7.479 

7.406 

7.334 

7 • 924 
7.845 
7.J71 
7.699 

77271 

8.199 

8.120 

8.048 

8147 

8.56? 

8.588 

8.411 

9.006 

8.926 

8.847 

8.77? 

9.381 

9.297 

9.218 

9.135 

9.734 

9.650 

9.566 

10.10 

10.01 

m 

10.43 

10.35 

10.27 

10.18 

75 

7« 

81 

84 

4.813 

4.761 

5:111 

5.156 

5.098 

5.049 

4.992 

5-387 

5.335 

5- <51 
5-792 
5-736 
5.678 

“6.202 

6.140 

6.086 

6.021 

6.653 

6.492 

6.429 

6.370 

7. $10 
6.843 
6.780 
6.720 

7.265 

7.196 

7134 

7.066 

7.629 

7.556 

7.492 

7.426 

7.973 

7.906 

7.836 

7.763 

7.34l“ 

8.268 

8.192 

8.125 

8.694 

8.621 

8.S45 

8.478 

9.05? 

8.986 

8.909 

8.836 

9.408 

9.329 

9-258 

9.179 

hi 

9.610 

9.536 

10.10 

10.02 

9.942 

9.868 
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NACA TN No. 1389 


TABLE U- Y-PANEL 


PROPERTIES W =1 -° 6; s; 10 - 94 - ^ ga ~ 13 ’ ^*°- 69: tj‘ 1: tS' 1 -*’ fg* 61 ] 


1 


18 

19 

20 

21 

22 

S3 ! 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

Ii 

?i 


n5^“ 

2.031 

2.005 

1.980 

TToScT 

2.059 

2.033 

2.008 

17115" 

2.O87 

2.060 

2.035 

“57142“ 

2.113 

2.006 

2.061 

2.167 

2.139 

2.112 

2.086 

2.192 

2.164 

2.136 

2.110 

2.216 ’ 
2.188 
2.160 
2.134 

2.240 

2.211 

2.1*4 

2.157 

2.263 
2.234 
2. 206 

21*0 

2.285 

2.255 

2.228 

2-gOl 

2. 306 
2.277 
2.249 
2.221 . 

2.327 

2.297 

2.270 

2>2±L. 

2.347 

2.318 

2.290 

2:261- 

2.36b 

2.337 

2.309 

2.282 

2 . 3*5 
2.357 
2.32* 

2.301 

2.404 

2-375 

2.347 

-Hlr 

11 

29 

30 


T356T 

1.93* 

1.912 

1.892 

1.5*4 

1.961 

1.939 

1.918 

17510 

1.987 

1.965 

1.944 

2.03b 

2.013 

1.990 

1.969 

2.661 

2.038 

2.015 

1.993 

2.085 

2.062 

2.039 

2.017 

2.109 

2.085 

2.062 

2.040 

2.132 

2.108 

2.085 

2.062 

2.154 

2.130 

2.107 

2.084 

2.17b 

2.151 

2.128 

2.106 

2.197 

2.172 

2.149 

2.126 

•2.217 

2.193 

2.169 

2.146 

2.238 

2.213 

2.169 

-Ljk- 

2.257 
2.232 
2.208 
■ 2.145 . 

2.276 

2.251 

2.227 

2.205 

2.294 

2.269 

2.245 

2,222 

ir- 

32 

H 

35 


ititr 

1.853 

1.835 

1.818 

1.801 

1.89* 

1.879 

1.861 

1.843 

1.826 

-rfir 

1.904 

1.886 

1.868 

1.851 

life" 

1.929 

1.910 

1.892 

1.874 

17973 

1.953 

1.934 

1.915 

1.898 

1.996 

1.976 

1.957 

1.93* 

1.920 

2.019 

1.999 

1.979 

1.960 

1.942 

2.041 

2.021 

2.001 

1.9*2 

1.964 

2.063 

2.042 

2.022 

2.003 

1,985. 

2.064 

2.063 

2.043 

2.024 

2.005- 

2.104 

2.084 

2.064 

2.044 

2.025 

2.125 

2.104 

2.083 

2.064 

2.045 

2.144 

2.123 

2.110 

2.083 

2.064 

2.163 

2.142 

2.122 

2.102 

.2,0.61 

2.182 

2.161 

2.140 

2.120 

1^-Qi. 

2.200 

2.179 

2.15* 

2.13* 

2.120 

5o 

g 

1* 

A 1 

1.7*5 

1.770 

1.755 

1.741 

1.727 

1.8T0 

1.794 

1.779 

1.765 

1.751 

17*54" 

1.818 

1.803 

1.788 

1.774 

iMr 

1.642 

1.826 

1.811 

1.797 

1.8*1 
1.864 
1 .849 
1.834 
1.819 

-rMw 

1.687 

I.87I 

l.«55 

1.840 

life 

1.908 

1.892 

1.877 

1.861 

life 

1.929 

1.913 

l.*97 

1.882 

li%7 

1.95p 

1.93* 

1.91* 

1.902 

1.9*8 

1.97? 

1.95* 

1.93* 

l-922_ 

2.007 

1.990 

1.973 

1.957 

1.941 

2.027 

2.009 

1.992 

1.976 

1.959 

2~.o*b" 

2.026 

2.011 

1.995 

I-9Z2- 

2.064 

2.047 

2.029 

2.013 

\.m 

2.083 
2.065 
2.047 
2.031 
44 14 

2.100 
2.082 
2.065 
2.046 
2,01 2 

4 2 
44 
46 
40 
50 

<8 

T775T 

1.678 

1:111 

1.614 

itfe" 

1.700 

m 

1.635 

-Trttr 

1.722 
1.699 
1 .677 
1.656 

iffl 

1.720 

1.698 

1.677 

1.791 

1.765 

1.741 

I.7I8 

1.696 

1.8l2 

1.786 

1.761 

1.73* 

1.716 

l .*33 
1.806 
1.7*1 
1.757 
1.735 

i.*5) 

1.826 

1.801 

i.*73 

1.845 

i.820 

1.795 

i.?72 

I.S92 

1.865 

1.83* 

1.814 

1.791 

1.9ll 

1.883 

1.857 

1.832 

1.608 

1.930 

1.902 

l.*75 

I.850 

1.626 

1.540 

1.919 

1.892 

1.867 

1 . 96b 

1.937 

1.910 

1.884 

1.860 

1.9*3 

1.954 

1.927 

1.901 

-1| fe. 

2.001 

i:|B 

1.917 

u 

-f" 

5* 

56 

| 


1.596 

1.578 

1.562 

1.546 

1.532 

lisir 

1.599 

1.582 

1.566 

1.551 

17637" 

1.619 

1.601 

1.585 

1.569 

17657 

1.638 

1.620 

1.604 

1.588 

W 

1.657 

1.639 

1.622 

1.606 

tM 

1:111 

1.624 

17714 

i:l?l 

1.658 

1.641 

1.731 

1:81 

1.676 

1.658 

17751 

1-731 

1.711 

1.693 

1.675 

1 i 7p9 
1.748 
1.728 
1.710 
1.692 

1 . 7*6 
1.765 
1.7*5 
1.726 
i.708 

1.003 

1.7*2 

1.762 

1.743 

1-725 

1.820 

1.799 

1.77* 

1.759 

1.740 

1.83? 

1.015 

1.794 

ffl 

1.853 

1.831 

1.810 

1.790 

illi- 

1.669 

1.847 

1.826 

1.806 

X7*l 

69 

72 

i.5ii 

1.492 

1.474 

1.458 

1.5?9 

1.510 

1.491 

1>75 

r tpr 

1.528 

1.509 

1.491 

17566“ 

1.545 

1.526 

1.5 08 

1.5*3 

1.562 

1.543 

1.524 

1T6 or 
1.579 
1.559 

1.540 

1.61*“ 

1.597 

1.575 

1.556 

1174 

1.612 

1.591 

1.572 

I.651 

1.628 

1.607 

1.-587- 

1.667 

1.644 

1.622 

1.602 

1 . 6*3 
1.659 
1.637 
1617 

iib93 

1.675 

1.653 

J412- 

1.714 

1.690 

1.667 

1.646 

1.730 

1.705 

1.602 

1.660 

1.745 

1.720 

1.696 

1.674 

1 i 75? 
I.734 

1.711 

1.688 

78 

01 

84 


TTW~ 

1.428 

1.415 

1.402 

tit 

1.430 

1.417 

7 % 

1.446 

1.432 

1.476 

1.461 

1.447 

it$r 

1.491 

1.476 

1.462 

1.523 

1.506 

1.491 

1.476 

1.53* 

1.521 

1.506 

I.491 

1.553 

1.536 

1.520 

1.505 

1.568 

1.551 

1-53* 

1.519 

1.5*3“ 

1.565 

1.54* 

1.535 

1.598 

1.579 

1.562 

1.5*6 

libl2 

1.594 

1.576 

1.560 

1.626 

1.607 

1.590 

1.573 

1.640 

1.621 

1.603 

l.5«6 

1.654 

Mil 

1.599 

1 . 66^ 
1.648 
1.629 
1.612 

II 

II 


5.943 

5.872 

5-805 

5.738 

roir 

6.214 

6.145 

6.778 

6.702 

6.628 

6.557 

7.202 
7.1 22 
7.045 
6.972 

7.627 

y&i 

7.390 

8.057 

7.975 

7.691 

7.611 

8.409 

8.405 

8.319 

?.237_ 

8.927 
8. *37 

i.m 

9.366 

9.274 

9.184 

1^09.8- 

9.*o6 
9.710 
9.621 
_9, 529, 

10.25 

10.15 

10.06 

9,365 

10.69 

10.59 

10.50 

10.41 

11.14 

ll:o4 

10.94 

10.85 

11-58 

11.48 

11.38 

0L|2_ 

12.03 

11.94 

11.83 

12.49 

12.3* 

12.28 

12.18 

27 

28 

29 

30 

rMr 

5.611 

5.600 

5.489 

6127" 

6.011 

5-946 

5.882 

6'!wr 

6.415 

6.348 

6.283 

tfir 

1:111 

7.313 

7.240 

7.166 

7.094 

T.p2 

7.657 

7.5*1 

7.507 

8 i 150 
8.076 
7-999 
7.922 

8.582 

8.501 

6.421 

8.340 

9.010 

I:ISI 

8.763 

9.443 

9.355 

9.272 

9.190 

9.*77 

9.7*7 

9.708 

9.615 

IO.3I 

10.22 

10.13 

10,05- 

I §:S 
1S:8 

11.19 

11.10 

11.00 

1041- 

11.64 

11.54 

11.44 

11.35- 

12.00 

11.98 

11.88 

11-41 

1r 

35 


5-372 

5.316 

5.262 

5.207 

Trfr 

5.761 

5.587 

6.219 

6.154 

6.094 

6.033 

5.975 

6 .61* 

1:111 

6.427 

6.363 

77626 

6.958 

6.891 

6.823 

6.761 

tit 

7.296 

7.226 

7.159 

7.840 

7.776 

7.702 

7.631 

7.562 

8 . 264 
8. 190 
8.115 
6.042 
7.972 

8 ’.606 

I:l|2 

6.382 

9.107 

9.027 

8.940 

0.072 

s.7?4 

9.531 

9.452 

9.372 

9.290 

9.212 

9.962 

9.87* 

9.793 

9.714 

9J33 

10.39 

10.31 

10.25 

10.14 

10.06 

10.02 

10.74 

IO.65 

10.57 

10.48 

11.26 

11.17 

11.08 

10.99 

10.91 

ii.7d 

11.61 

11.51 

11.43 

4144 

-ft- 

38 

s, 

h_ 

*3 

5.I54 

5.104 

5.053 

5.004 

4.955 

5-533 

llll 

5.374 

5.323 

-f&t 

5.858 

5.804 

5.748 

5.696 

tfr 

6.187 

6.130 

6.076 

fa. 69s 

6.634 

6.577 

i.*as 

w 

1:58 

MSI 

Tiw- 

7.429 

7.364 

7.303 

7.236 

7.900 

7.831 

7.765 

7.698 

7.634 

17W 

8.239 

8.171 

8.103 

5.033 

si 724 
8.640 
S.579 
8.509 
5.436 

9.135 

9.062 

8.9*7 

8.916 

8.844 

9.55b 

9.477 

9.401 

9.32* 

1^25.0, 

9i97b“ 
9.896 
9. *19 
9.745 
.9-670- 

10. 4o 
10.32 
10.24 
10.16 
IQ^SL 

io.83 

10.74 

10.66 

10.56 

10.50 

11.25 

11.17 

11.09 

11.00 

40.21 

“42^ 

44 

46 

48 

50 

■47865“ 

4.776 

4.688 

4.606 

4.526 

5! 226 
5.130 
5.040 

5:11! 

"T5tsn 

5.493 

5.399 

5-307 

5.217 

WWT 

5-863 

5.762 

5.668 

5-575 

Tn 

6.236 

6.133 

6.031 

5.931 

m 

l:lo°l 

6.29* 

7.1lb 

6.998 

6.S65 

f:22 

7.507 

7-3*6 

7.270 

Mil 

7.904 

7.775 

7-657 

7-535 

7.420 

8.302 

8.175 

8.045 

7.925 

7.608 

8.704 

1:111 

8.316 

8.191 

9.112 

S.976 

8.841 

6.712 

*4*2. 

9.521 
9-377 
9.239 
9. 108 
8-gZj- 

9.933 

III] 

9-508 

i47I- 

10.35 

10.20 

10.06 

9.914 

i-m. 

10.77 

10.61 

10.47 

10.32 

10.18 

-*r 

II 

II 


"47452"" 

4.376 

4.300 

4.237 

4.175 

477ST 

UV, 

4.564 

4.495 

"57154 

5.053 

4.970 

4.895 

4.818 

■5.4*4 

5.396 

5.311 

5.234 

5.155 

57*1s ' 

m 

17W 

6.105 

6.010 

5.923 

5.840 

tit 

6.372 

6.27* 

6.187 

6791*"' 

6.836 

1:111 

6.541 

1313 
7. 208 
7.101 
7.002 
6.901. 

■?i69T 

7.5*1 

7.471 

7-371 

7.268 

8.074 

7.959 

7.846 

til- 

8.460 

*.343 

8.229 

8.119 

6.012 

8 . 85I 

8-732 

8.611 

8.498 

8.363 

9.240 

9.121 

8.997 

8.S83 

6.765 

9.64^ 

9.514 

9.3** 

9.266 

9,153 

10.04 

9.912 

lit 

-g-532 

IT 

69 

72 


W 

3-990 

3-903 

3.824 

■47391 

4.298 

4.203 

4.121 

■47716“ 

4.615 

5:81 

w 

4.833 

4.735 

TTW 

5.261 

5.157 

5.050 

5.717 

5.596 

5.483 

5.373 

6. Obi 

5.943 
5- *15 

5.702 

6.406 

1:02 

6.039 

tm 

6.500 
6. 375. 

7.121 

6.982 

6.846 

6.718 

774S4r 

7.336 

7.197 

M06JL 

7.853 

7-703 

7.561 

7.421 

8.221 

8.068 

7.917 

-7-715- 

8.601 

6.438 

8.284 

8131- 

8.97? 

6.814 

8.651 

8fe7_ 

9.356 

9.188 

9.029 

^.8^65 

75 

78 

81 

84 


T74T 

3.672 

3.604 

3.534 

4.038“ 
3-958 
3. 881 
3-809 

77335“ 

^.252 

4.173 

4.092 

4.64o 

1:111 

4.383 

1795T 

4.858 

4.768 

4.682 

5.272 

5.169 

5.076 

4.981 

1:111 

5-392 

5.294 

5 i 920 
5.812 
5-707 
5.608 

6 i 254 

6.143 

6.030 

5.927 

6.594 

6.474 

6.35* 

6.253 

6.94o 

6.811 

6.692 

6.578 

7.285 

7.160 

l:?d 

7-636 

7-501 

7-378 

7.252 

7-992 

7-*55 

7.722 

7.593 

*•353 

8.214 

8.071 

7-940 

8.719 

8.570 

6.425 

8.292 

II 

II 


7.833 

7.806 

7.780 

7.754 

8. 194 
8.174 
8.14c 
8.124 

8.808 

8.781 

8.755 

8.72b 

9.292 

9.265 

9.239 

9.213 

9.776 

9.75p 

9.724 

9.697 

10.23 

10.20 

10.17 

10.15 

10.71 

10.69 

10.66 

10.63 

11.20 

11.17 

11.15 

11.12 

11.66 

11.66 

11.63 

11.60 

12.13 

12.11 

12.08 

12.05 

12.61 

12.59 

12.56 

12.53 

13.07 

13.05 

13.02 

12.99 

13.55 

13-52 

13.50 

-134Z 

13.99 

13.97 

13.94 

13.92 

14.45 
14.42 
14. 40 

14. 32. 

14.86 

14.84 

14.81 

14.29 

27 

28 

29 

30 


rrfa- 

7-J02 

7.675 

7.649 

*7100" 

8.073 

8.047 

8.022 

*.rar 

8.674 

8.640 

'8.621 

Ti*r 

9.159 

9.131 

9.105 

tis 

9.616 

9.589 

lo!l2 

10.10 

10.07 

10.04 

10.61 

10.58 

10.55 

10.53 

11.09 

11.07 

11.04 

11.01 

life 

11.55 

11.52 

11.50 

12.03 

12.00 

11.9* 

11.95 

12.51 

12.4g 

12.46 

12.45 

12.97 

12.94 

12.92 

12.69 

13.45 
13.42 
13.40 
. 13-37 

13-89 
13. *7 
13.84 
13.81 

14.35 

14.32 

14.30 

14.27 

14.?b 

14.74 

14.71 

14.69 

1r 

ii 

35 


7.597 

m 

7.519 

TAW 

7.971 

7-946 

7.920 

7.895 

■8T595 - 

8.567 

8.542 

8.515 

8.489 

9.o?8 

9-052 

9.025 

8.998 

8.97° 

9.53b 

9.509 

9.481 

?fe5 

10.02 

9.988 

9.962 

9.934 

9.907_ 

10.50 

10.47 

10.45 

10.42 

10.39 

10.98 

IO.96 

10.93 

10.90 

10.88 

11 i 47 

11.44 

11.42 

11.39 

11.36 

11.92 

11.90 

II.87 

11.84 

11.81 

12.40 

12.36 

12-35 

12.32 

12.30 

12.87 

12.84 

12.61 

12.79 

12.76 

13.34 

13-32 

13.30 

13.26 

13.24 

13 i 79 
13.76 
13.74 
13.71 
134* 

14725" 

14.22 

14.20 

14.17 

14.15 

14.67 

i4.64 

14.61 

14.5? 

14.56 

3 b 
38 

II 

P 

7.495 

7.468 

7.442 

7-417 

7.392 

i:S» 

7- 819 
7-795 

7.770 

“062 

8.435 

8.409 

8.383 

8.354 

8.945 
8. 919 
8.891 
8.865 
8.839 

9.428 

9.400 

9.374 

9-348 

9.321 

9.660 

9.854 

9.828 

9.600 

9.773 

10.37 

10.34 

10.31 

10.29 

10.26 

10.85 

10.82 

10.80 

10.77 

10.74 

11.33 

11.31 

11.26 

11.25 

11.23 

11.79 

11.76 

11.73 

11.71 

11.68 

12.27 

12.24 

12.21 

12.19 

12.16 

12.73 

12.70 

12.68 

12.65 

12.62 

13.21 

13.1* 

13.16 

13.13 

13.10 

13.66 

13.63 

13.60 

13-5* 

13.55 

14.12 

14.09 

14.0b 

l4.o4 

14.01 

14.54 

14.51 

14.48 

14.46 

14.43 

42 

44 

46 

48 

50 

l 3 

7.543 

7.294 

7.245 

7.197 

7.149 

'T75T 

7.672 

7.623 

7.577 

7-528 

8.254 

8.204 

8.154 

8.104 

8.7*5 

8135 

8.683 

8.633 

8.583 

i725F 

9.215 

9.164 

9.111 

9.059 

lillS 

9.615 

9.563 

9.511 

10.20 

10.15 

10.10 

io.oU 

9.991 

io.bg 

10.63 

10.58 

10.53 

10.47 

11.17 

11.12 

11.06 

11.01 

10 -25 

11.62 

11.57 

11.52 

life 

11.41 

12.11 

12.05 

11.99 

11.94 

11.89 

12.57 

12.52 

12.46 

12.41 

. 4.2. 

13.05 

12.9? 

12.94 

12.89 

.12.83 

8:8 

13-39 

13.33 

13.28 

13.9b 

13.90 

13.*5 

13-79 

- 13.74. 

14 . 38 

14.33 

14.27 

14.22 

52 

5* 

56 

58 

60 


77104 

7-056 

7.012 

6.966 

6.925 

-~TMT 

7.437 

?:|2I 

7.102 

■*7056“ 

8.009 

7.959 

7.913 

7.865 

8.532 

8.482 

1:111 

8.338 

9.009 

8.95* 

8.909 

8.860 

8.812 

9.409 

9.357 

9.309 

9.261 

9.939 

9.59o 

9.838 

9.7*6 

9.736 

10.42 

10.37 

10.32 

10.27 

10.21 

10.90 

10.65 

10.80 

10.75 

10.69 

11.36 

11.30 

11.25 

11.20 

11.15 

11.84 

11.78 

\\:U 

11.62 

12.30 

12.24 

12.19 

12.14 

12.09 

12.78 
12.72 
12.67 
12.62 
. 12-56 

13-23 
13.17 
13.12 
13.06 
. 1JM01- 

13.69 
13.63 
13.5* 
13 . 52 

. 13.47 

14.11 

1^.06 

14.04 

13.95 
■ ■^40 

63 

66 

69 

72 


6.859 

6.796 

1:111 

7.235 

7.173 

7.108 

7.050 

7.798 

m 

7.598 

8.269 

8.199 

8.132 

8.065 

TM 
8. 602 
8.531 

9.185 

9.116 

9.045 

8.975 

9.664 

9.594 

m 

10.14 

10.07 

9.991 

9.921 

10.62 

10.54 

10.47 

10.40 

11.07 

10.99 

10.92 

10.84 

w-.n 

n.39 

11,32 

12.01 

11.93 

11.S5 

11.77 

12.48 

12. 40 
12.32 
12.25 

12.93 

12.65 

12.77 

12.69 

13.39 

13.31 

13.25 

13.82 

13.74 

13. b6 

. 13^5* 

"75“ 

78 

81 

84 


67biT 

6.558 

MSI 

6.9*9 

6.930 

6.872 

6.816 

' 7755T 
7-475 
7.415 
7.354 

7.990 

7.937 

7.873 

7.811 

-“*7 wr 
6.399 
8.335 
6.272 

8.909 

8.839 

8.775 

8.709 

9.376 

9.307 

9.243 

9.176 

9.847 

9.777 

9.709 

9.642 

10.32 

10.25 

10.18 

10.11 

10.77 

10.70 

10.62 

10.56 

11.24 

11.17 

11.09 

11.02 

11.70 

11.63 

11-55 

11.48 

12.17 

12.10 

12.02 

11.95 

12.62 

12.54 

12.47 

12.39 

13.08 

13.00 

12.92 

12.85 

13.51 

13.43 

13.35 

13.2* 
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TABLE 12,-T-PAflEL PROPERTIES 


[5 


o.79; 

t w 


9.3; 1.04; 


— ■ !-o6; 


■ 0.94; ^-2.13; ^-o.69; f-.l; £--2.3; f— 7.7] 

°v by t w t 9 t s j 


b\— 

S\ty 

ts \ 


18 

19 

CO 

£1 

£2 

83 

£4 

£5 

£6 

27 

£8 

£9 

30 

31 

32 

33 

U 

n 

A i 

2*517 

2. *446 
2.4l4 

JM 

2.483 

2.4S0 

1:85 

2.552 

2.519 

2.657 

2^21 

2.585 

2.5S2 

.2.689 

2.652 

2.617 

2.584 

2.720 

2.683 

2.648 

2,6i4 

2.749 

2.713 

l‘M 

2.778 

2.741 

2.706 

2.672 

2.806 

i:« 

2,700 

2.852 

2.796 

2.76I 

2.727 

2.858 

2.822 

2.787 

2.753 

2.885 

l-M 

2.778 

I'M 

2.836 

2.803 

2.931 

2.6y5 

2.860 

2.826 

2.953 

tm 

2.849 

ti 

29 

30 

2.382 

2.352 

2.323 

2.296 

2.388 

2.359 

2.331 

111 

I# 

2.427 

2.399 

i: 

2. 

2. 

ft? 

2.551 

2.S20 

t±li 

2.582 

2.551 

2.521 

2.492 

2.611 

2.580 

2.550 

2.521 

2.640 

2.609 

2.579 

2,550 

2.668 

2.636 

2.606 

2.577 

ill! 3 

|:S[ 

2.720 

2.689 

2.659 

2.630 

2.74,6 

i:afe 

2,655 

2.770 

2.739 

l;S8 

2.794 

2.763 

2.733 

2,704 

2.817 

2.786 

2.756 

2, 727 

11 

u 

35 

Sf«9 

2.244 

2.219 

2.196 

I:S 

2.230 

2.207 

2.339 

l:Isl 

2.264 

2.241 

2.371 

2.345 

2.320 

2.296 

2.272 

2. 

|. 

2*. 

+03 

III 

I:® 

2.382 

2.358 

2.334 

2.464 

2.438 

2.412 

2.307 

2.363 

l:p 

2.392 

2.522 

2.495 

lift 

2.420 

2.549 

2.522 

2.496 

2.1+jTl 

2.523 

2.497 

2.473 

2.6o2 

m 

m 

2.627 

2.600 

i:i8 

2.523 

2.651 

2.624 

2.59a 

2.572 

2.548 

m 

2.622 

2.596 

2.571 

2.698 

i:p 

2.619 

2.59a 

3o 

1 

ll 

IliP 

2.110 

2.091 

2.072 

TaST 

2.164 

2.144 

2.124 

2.10s 

2.218 

i:ip 

2.156 

2.136 

l:ll§ 

2.208 

2.187 

2.167 

2.281 

2.259 

2.238 

2.233 

2.197 

2.311 

2.289 

2.267 

2.246 

2.226 

i;ili 

2.296 

2.275 

2.2S5 

i: ? 346 

2.324 

2.303 

2.283 

I:i 

2.351 

2.330 

2.310 

ilfeoo 

2.378 

2.357 

2.336 

l:i! 

2.4o4 

2.382 

2.36a 

m 

m 

2.3.87 

ift?! 

r# 

2.411 

2.524 

2.500 

2.1+78 

Ift? 

I'M 

2.501 

1:12? 

2.524 

2. S02 
2.481 

ig— 

is 

w 

so 

2I036 

2.003 

1.571 

1.94,2 

1.914 

2.068 

2.034 

2.002 

2.100 

1:88 

2.002 

1.973 

2.130 

i:8H 

2.031 

2.001 

2.159 

2.124 

2.090 

2.059 

2.029 

2.188 

2.152 

2.118 

2.086 

2,056 

2.21b 

2.180 

2.11+5 

2.113 

2.083 

2.244 

2.207 

2.172 

2.139 

2.168 

2.270 

2.235 

2.198 

2.165 

2.134 

2.296 

1:111 

2.190 

2.159 

2.322 

iJEH 

2.215 

2,181. 

2.346 

2.308 

2.275 

2.239 

2.206 

2.371 

2.332 

2.296 

2.262 

2.230 

m 

2.519 

2.285 

2.252 

2.417 

till 

2.308 

2-275 

2.44o 

m 

2.329 

2.296 

1 

5 8 

60 

tSbt 

1.864 

i.84o 

1.818 

1.797 

1.868 

1.846 

1.824 

1.946 

i:I|l 

1-873 

1.851 

i:5S 

1 .923 

1.899 

1.877 

2.001 

1.974 

1.949 

1.925 

1.902 

2.028 

2.001 

1.975 

1.951 

1.927 

2.05k 

2.026 

2.000 

1.975 

1.952 

2.079 

2.051 

2.025 

2.000 

1.976 

2.104 

2.076 

2.049 

2.024 

2.000 

2.129 

2.100 

2.073 

2.047 

2.023 

2. 1S3 
2.124 
2.O96 
2.070 
2.045 

2.176 

2.147 

2.119 

2.093 

2.067 

2.199 

2.170 

2.I42 

2.114 

2.090 

2.221 

2.192 

2.164 

2.137 

2.111 

2.24^ 

2)185 

2.158 

2.132 

2.265 

i:IBl 

2.179 

-2,153- 

63 

66 

69 

1.767 

1.740 

1.715 

1.691 

1.794 

1.766 

1.740 

1.71S 

1.820 
1 *79.1 
1.764 
1.739 

1.845 

1.616 

1.789 

1.763 

I.87O 

1.81+0 

1.812 

1.786 

I.89S 

1.864 

1.836 

1.809 

h&l 

i:|?l 

1.942 

1.911 

1.881 

1.854 

1.965 

1.933 

1.988 

1.956 

1.925 

1497 

2. 040 
1.977 

2.032 

1:18 

1.938 

2.054 

2.020 

1.988 

1.959 

2.075 

2.041 

2.009 

1.979 

2.005 

2.061 

2.029 

042! 

2.116 

2.081 

2.048 

2.017_ 

a£ 

. I'M 

1.628 

l.$09 

I.692 

1.671 

1.651 

1.632 

1.719 

1.694 

l\%l 

1.739 

1.716 

1.695 

Li.675_ 

1.762 

1-739 

1.717 

1.697 

1.784 

1.761 

1-73& 

1.718 

1.806 

1.782 

1.760 

i-7? 8 

1.320 

1.803 

1.780 

1.759 

i. - 82? 

1.801 

1.779 

l.Bfo 

l :$£ 

1.758 

I.89O 

1.865 

1.841 

1.818 

1.911 

!.g85 

1.860 

1.837 

1.951 
i.904 
1 .879 
1.^56 

1.950 

l ‘$ 

1.970 

1.945 

i.917 

1.893 

1.908 

1.961 

1.935 

1.911 

s 

E 

*s 

8.442 

8.346 

8.270 

8.199 

9.003 

m 

8.771 

9.590 

m 

10.18 

10.10 

10.01 

9.930 

10.77 

IO.69 

10.60 

10.52 

H.37 
11.28 
' II.19 
11.11 

11 -97 
11.87 
11.78 
11.70 

12.56 

12.47 

12.38 

12.29 

13.17 

it? 

U:B 

13.58 

13.49 

!4.3§ 

14.28 

14.18 

14.09 

1 

l 

1 

1 

+.99 

+.89 

15; 60 
15.50 
15.40 

ilijo 

16.21 

16.11 

16.00 

15.90 

16.85 

16.65 

U.62 

JL.6.51, 

17J+4 

!7.33 

17.22 

J^l12_ 

1? 

29 

so 

8.126 

8.056 

7.986 

7.919 

«.695 

8.623 

8.551 

8.48o 

9.270 

9.195 

9.121 

9.048 

9.850 

9.770 

9.694 

9.619 

10.43 

10.35 

10.27 

10.19 

11.02 

10 .94 
10.85 
10.77 

11.61 

sa 

11.36 

12.20 

12.11 

12.03 

11 .aL 

12.71 

12.62 

12.53 

13.39 

13.30 

13.21 

13.12 

13.99 

13.9° 

13.81 

15,72, 

lJ 

l! 

lJ 

lJ 

+.59 

ft? 

4^21 

1S.20 

15.10 

15.00 

14-Iii. 

15.80 

15.71 

15.61 

X5±5i 

16.I+I 

16.31 

16.21 

16.12 

17.02 

16.92 

16.82 

-2.6.72 

52 

11 

35 

M 

7.721 

7.659 

7.595 

W 

till 

8.143 

§.§65 

8.835 

8.766 

8.699 

w 

9.397 

9.327 

9.255 

10.12 

10.04 

9.966 

9 lali 

10.69 

10.62 

Itti 

10.39 

11.27 
11.19 
11.11 
11.04 
1°. .96 

11.86 

11.78 

11.69 

11.61 

11,52. 

15445 

12.36 

12.28 

12.19 

12.11 

13. P3 

llil 

12.78 

12.70 

13.63 

13.54 

13.45 

1-3. 56 
13.28, 

14.22 

_iiis6 

14.82 

II 

.14145 

US 

mi 

X5.Q5 

16.02 

i5.92 

15.83 

m 

16.62 

16.52 

16.43 

3o 

9 

i# 

7.415 

7.358 

7.300 

W 

8.017 

7-957 

?:I|I 

8.631 

l:iS 

I:?2 

9.187 

9.119 

1:53? 

8.921 

9.610 

Iftll 

10.31 

10.24 

10.17 

10.10 

10.03 

10.88 

10.81 

i°o :B 

10.59 

H .45 

11.38 

11.30 

11.22 

11.15 

“15703" 

ll ® 

11.79 

11.72 

12.61 

12.53 

12.45 

12.37 

12.30 

13.19 

13.11 

13.03 
i2. .94 
12.87L 

13.78 

13.69 

13.61 

13.53 

13.45 

ftft! 

14.20 

14.11 

14.-03 

14.96 

14.87 

14.78 

mi 

1 5»37 

15.26 

15.20 

16. 06 
i5.96 

15.87 

ift 

48 

so 

77158 

7.082 

m 

6.777 

VM 

?ft$ 

7.286 

8.256" 

8.136 

8.020 

7.910 

7.802 

]% 
lift 2 

9-341 

9.215 

9.089 

hi 

9.893 

9.761 

9.632 

9.506 

9.385 

10.45 

10.31 

10.18 

10.05 

9.926 

11.01 

10.37 

10.73 

10.60 

10.47 

11.57 

11.43 

11.29 

11.15 

11.02 

12.14 

ll:ll 

11.71 
_ 11.57 

12.72 

12.56 

12.41 

12.27 

12.13 

13.29 

13.13 

12.99 

12.63 

12.68 

13-87 

13.70 

13.55 

13.40 

l3.- 2 5 

ipl 

14.12 

13.97 

13-4/ 

15.03 

14.86 

i4.7p 

14.54 

15.61 

p 

S*.96 

52— 

1 

60 

67682 

6.592 

6.500 

6.414 

6.329 

-73HT 

I:® 

6.904 

6.813 

7.698 

7.4oi 

7.307 

8.216 

8.110 

8.005 

7.9 0 3 

7.806 

|:8S 

8.310 

9.269 

9.154 

|.°40 

8.‘^22 

9.803 

9.681 

9-565 

9.450 

9.342 

10.34 

10.22 

10.10 

,?:pl 

10.09 
10.76 
10.63 
IO.51 
10. 4o 

11.44 

U.30 

11.18 

11.05 

10.93 

H.99 

II.65 
11.72 
11*59 
IX .46- 

12.54 

12.41 

12.27 

12.14 

12.00 

13.10 

12.96 

12.83 

12.69 

13.66 

13.52 

13.38 

13.24 

1-3,10 

14.23 

14.09 

13.94 

13.60 

13.66 

14.00 

14.65 

14.50 

14.56 

14.22 

66 

69 

72 

6.205 

6.090 

5.98O 

5.871 

6.685 

6.562 

6.443 

6.326 

7.171 

7.039 

6!?92 

Ttfef 

7.526 

7.396 

7.267 

8.162 

8.018 

7.880 

7.747 

8.670 

8.518 

m 

9.183 

m 

8.734 

9.690- 

9.54° 

10.22 
10. os 
9.098 

9.737 

10.75 

IO.58 

10.41 

10.25 

11.28 

11.10 

10.94 

1Q.77- 

11 .W 

11.64 

11.46 

-11,29 

12.36 

12.17 

n.99 

11.82 

12.91 

12.71 

12.53 

li-35 

13.45 

15.26 

U:S 

14.01 
13. BO 
13.61 

It 

84 

5.570 

5.475 

-Olf 

6.112 

6.010 

5.912 

“67678“ 

6.566 

6.45,6 

6.354 

pi 

6.912 

6.801 

7.498 

1 M 

0)102 

Wli 

7.730 

tir 

8.329 

8.199 

|-245 

8.809 

8.682 

Iftl 

9.303 

9.167 

10.10 

9.946 

m 

10.60 

10.45 

10.30 

10.15 

11.121 

10.96 

10.60 

10.65 

11.65 

11 .4 8 

11.31 

11.16 

12.17 

12.00 

11.83 

11.67 

i2.ao“ 

12.53 

12.35 

12.19 

13.23 

H:S3 

12.71 

11 

11 

£_ 

fc s 

10.15 

10.15 

10.11 

10.09 

10.76 
10.74 
10.72 
10 .70 

11.37 

11.35 

11.33 

11.31 

11.90 

11.9,6 

11.94 

11.92 

12.59 

12.57 

12.55 

12.53 

13.17 

13.15 

13.13 

15.12 

13.75 

13.74 

13.72 

13.70 

14.56 

14.35 

14.32 

14.31 

14.97 

pi 

1U.92 

15.53 

15.51 

15.40 

16.13 

16.11 

16.10 

16.08 

16.70 

i6.69 

16.67 

1.7.30 

17.28 

17.27 

17.82 

18.41 

18.40 

18.58 

18.37- 

i8.9l 

18.90 

18.89 

l8 t 88 

29 

7 n 

10.07 

10.05 

10.03 

10.01 

10.68 

10.66 

10.64 

10.62 

11.29 
11.27 
• 11.25 
11.23 

11.90 

11.88 

11.86 

11.84 

w 

12.49 

12.47 

12.45 

13.10 

13.08 

13.06 

13.04 

13.60 

13.67 

13.65 

15.63 

l4*29"" 

14.28 

14.26 

14.24 

£8 

lifts 

15.46 

15.44 

15.43 

15.41 

16. 07 
16.05 
16.03 
_i6±oi_ 

16.64 

16.62 

16.61 

16.59 

17.24 

17.22 

17.20 

17,19 

17. 80 
17.7§ 
17.76 
17,75 

!8.35 

X8.34 

18.32 

4g*3i- 

18.0^" 

18.85 

18.83 

4%- 

_ 2^ 

32 

E 

9.991 

9.970 

9.949 

9.929 

Q.907 

10.60 

10.58 

10.56 

10.54 

10.52 

11.21 

11.19 

11.17 

11.15 

11.13 

ii.BT 
11. Qo 
11.78 
11.76 

11.74 

-lttp- 

12.41 

12.39 

12.37 

12.35 

13.02 

13.00 

12.98 

12.96 

12.94 

13.61 

13.59 

13.57 

13.55 

13.53 

ll 

1J 

ll 

lJ 

l. 

+ .22 
ft. 20 
4.18 
4.16 
+.i4 

14.83 

14. 01 

14.79 

14.77 

14.75 

15.39 

15.37 

15.36 

15.34 

15.32 

16.00 

15.9§ 

15.96 

15.94 

15.92 

i6.*5^ 
16.54 
16.52 
JklA 0 

i?:8 

17.14 

17.12 

17.10 

17-73 

17.72 

17.70 

17.68 

17.66 

18.29 

18.28 

18.26 

18.24 

18.23 

18.81 

mi 

18.76 

18.74 

4 

9 

a 

It 

S:» 

9 .802 

10.50 

10.48 

10.46 

1O.10+ 

inJn 

11.11 

11.09 

11.07 

11.05 

11.03 

11.72 

11.70 

11.68 

11.66 

11.64 

12.33 

12.31 

12.29 

12.29 

12.25 

12.90 

12.88 

12.86 

12.84 

US 

13. *45 

13.43 

1 

l 

1 

1 

1 

+.12 

4.10 

+.08 

+.06 

+.04 

14.73 

14-71 

14*69 

14.67 

14.65 

15.50 

15.28 

15;26 

15.24 

Il5t22 

!5.87 

!5-85 

15.83, 

16*48 
16.46 
a. 6 .J+5 
i6.43 
16.41 

17.0a 

17.07 

17.05 

17.03 

17.01 

17.65 

17.93 

17.61 

17.59 

17.57 

18.21 

18.19 

18.17 

13.16 

I8)l4. 

!a«73 

18.71 

18.69 

18.68 

13.66 

ft§- 

i 

U8 

9-760 

9.713 

9.&75 

9.633 

10.37 

10.33 

10.29 

10.24 

10.20 

IO.98 

10.94 

10.90 

10.86 

10.81 

11.60 

11.55 

11.51 

sfi 

12.21 
12.17 
12.12 
12.08 
12. Oh 

too 

12.76 

12.71 

12.67 

12.63 

13.39 

13.55 

mi 

13.22 

L 

1 

1 

1 

1 

4.00 
3.96 
3-92 
5.g7 
3. 3 

14. 61 
14.57 

iftl 

14.45 

15.10 

15.14 

15.10 

15.06 

■ _15,02 

15.79 

15.75 

15.71 

44 

16.37 

16.33 

16.29 

16.25 

16.21 

16.97 

ItM 

16.85 

16.81 

17.54 

n.50 

17.46 

17.42 

18.10 

18.06 

18.03 

17.99 

4W5- 

18.62 

iS.59 

18.55 

13.51 

18.47 

1 

50 

u °4 

9.424 

10716 
10.12 
10.05 
10.03 
0 qon 

TW 

S:B 

io.64 

10.60 

-ntk 

11.34 

11.30 

11.25 

11 .21 

w 

11.95 

11.91 

11.86 

11.82 

12)5? 

12.54 

12. SO 
12.46 
12 .41 

"13718^ 

13.13 

13.09 

13.05 

13.00 

15.70 

13.75 

U:K 

13.62 

14.1+1 

14.36 

14.32 

14.27 

14,23 

14.97 

II 

15 *.54 
15.50 
15.45 
is.Li 

16.16 

16.12 

16.08 

16.04 

15.99, 

16.77 

17*34 

17.30 

17.26 

17.21 

17.17 

17.91 

i7.87 
!7 .83 
17.78 

lo»45 

i8.39 

18.35 

18.31 

13.27 

-1 n Vt 

-8“ 

66 

69 

no 


9.321 

9.261 

9.202 

Q .l4s 

_7 « 77 )j 

9.928 

l:lol 

10.54 

10.47 

10.41 

10,35 

ll.lt 

11.08 

11.02 

10.96 

11.76 

11.69 

II.63 

11.56 

12.3s 

12.28 

12.22 

12.1S 

lt& 

12.81 

12.75 

13.55 

13.49 

13.42 

13.36 

14.10 

14.10 
14.03 

.Jdk 

mi 

15.22 
. ii-ij. 

15.* jp 
15.80 
15.73- 

16.U1 

17.11 

K 

16.92 

17.00 

17.62 

17.55 

lo.^l 

18.15 

18.08 

18.02 

t 

84 


$.002 

13% 

8.911 

tt 

9.568 

9.510 

1 y.it 

10.25 

10.17 

10.11 

10. w 
10.83 

10.77 

10.71 

11.38 

11.32 

12l$5 

12.03 

11.96 

11.91 

~1Z.W 

12.62 

12.56 

12.1+9 

13)3^ 

13.23 

15.16 

13.10 

13.90 

13.84 

13.78 

13.71 

14.48 

l4.4l 

14.35 

li+.26 

15.00 

15.02 

!4.96 

14.69 

•rntJM & 

15.67 

15.61 

US 

nvTQnRY 

16.20 

16.21 

16.14 

16.08 

MUMTT 

I6.85 
16.79 
16.72 
16. £5 

'TS.E FOR 

17.42 

17.36 

17.29 

17.23 

t A CRON A 

17.9^ 

!7.39 

17.83 

17.77 

.UTICS 
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TABLE 13-- 




-0.69, f;-l. fi‘ 7-»] 




18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

u 

JL_ 


3.177 

3.131 

3.086 

3.225 

3-178 

3.133 

oqo 

3-270 

3.223 

3.179 

3.136 

3-313 

3-267 

3.222 

3.179 

3 355 

111 

3.221 

3-395 

3.34? 

3.304 

3.261 

T*yT 

3-387 

3.343 

3.300 

3.^70 
3.424 
3-380 
3.338 . 

m 

3.416 
3.373 __ 

m 

?:S8 

3-572 

3.527 

3.483 

3.441 

3.6o4 

3.559 

•3-516 

3.474 

3.634 

3.590 

3.547 

3.663 

3-619 

3.576 

HIT 

44S-- 

3.p6 

3.633 

-L 2 — 

27 

28 
29 


3.002 

2.963 

2.925 

2 *88 

3.0^9 

3.010 

2.972 

2.935 

3.095 

3.055 

3.017 

2.980 

3.138 

3.098 

3.060 

3.023 

3. 180 
3.140 
3.102 
3.065 

3.220 
3. 181 
3.142 
3.105 

3.259 
3-219 
3. 181 

3.144 

3-296 

3.257 

3-219 

3.182 

3.333 

3-293 

3-255 

3-218_ 

3.367 

3.328 

3.290 
.!•?£ L. 

3.401 

3.362 

3.3^ 

3.||L.. 

• u 33 
3-394 
3-356 
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ttU 

12.23 

12.18 

12.13 

“ivk 

13.01 

12.96 

12.91 

"1TO 

13.79 

13.7* 

13.69 

"ITS? 

14.57 

14.52 

14.47 

"19T4o 

15.35 

15.30 

15.24 

“ 18719" 
16.10 
16.05 
16.00 

"18t9o 

16.85 

16.80 

16.75 

t7 .08 
17.63 
17.58 
17.53 

18.46 
18.41 
18.36 
18. 31 

19.18 

19.14 

19.09 

19.04 

19.96 

19.91 

19.86 

19.81 

20.70 

20.65 

20.60 

20.55 

21.4b 

21.42 

21.37 

21.32 

22.17 

22.13 

22.08 

22.03 

22.90 

22.86 

22.81 

22-77 

23.5b 

23.52 

23.48 

.^42 
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TABLE 14 

VALUES AND COMPUTATIONS FOR OBTAINING DESIGN FOR MAXIMUM STRUCTURAL EFFICIENCY 
fPi - 5.0 kips/in . ; L = 20 in.; c = lj t 3 - 0.102 in.; ~-= Q.4o] 


a Step (1) 

Step (3) 

Step (4 

Step (5) 

Step (8) 

Step (9) 

Step (10) 

Step (12) 

Pi 

L//c 

(ksi) 

li 

t S 

(ksi) 


5s 

fc s 

9 r 

(ksi) 

A i 

S 3 

p i 

5fA t 

(in.) 

b S 

*3 

A 

’r 

(ksi) 

A i 

p i 

(kips/in.; 

1 (in.: 

b s 

(in.) 

(in.) 

°cr 

(ksi) 

For t s = 0.102 in. 

0.25 

49 

18 

21 

2 h 

27 

30 

33 

23 

26 

50 

n 

T 

S 

U 

30 

n 

To 

U 

23 

26 

30 

n 
1 0° 
4 2 

3 

30 

n 

T 

U 

3 

30 

n 

50 

60 

?u 2 

23 

26 

30 

ll 

T 

% 

31.2 

51.5 

31.6 
31.2 

29.8 

27.8 
25.7 

22.5 
19.2 

33.3 

33.6 

33.5 

32.9 

3:2 

III 

19.7 
35 *4 

III 

52.3 
30.1 

27.2 

24.0 

20.0 

m 

s-i 

32.8 

30.2 

27.4 

24.0 
20.2 

37.7 

37.2 

36.4 

35.9 

32.6 

30.2 

27.1 

23.7 

20.2 

59.0 

57.5 

56.2 

34.7 

32.2 

29.8 

26. 7 
23.4 

20.3 

1-496 

1-454 

1.407 
1.361 
1.312 
1.270 
1.231 
1.196 
1.171 

1-542 

m 

1.399 

1.345 

1.500 

1.257 

1.220 

1.192 

1.585 

\:li 

1.434 

1.376 

1.328 

1.283 

1.242 

1.212 

1.624 

1.576 

1.522 

1.466 

1.408 
1.356 
1-307 
1.264 
1.231 

1.661 

1.612 

1.556 

1.500 

1.437 

1.383 

1.331 

1.285 

1.250 

1.696 

1.646 

1.569 

1-550 

i-m 

1.403 

1.354 

1.306 

1.269 

0 . 1071 
.1090 
.1123 
.H77 
.1278 
.1415 

.1580 

.i860 

.2222 

.0973 

.0995 

.1029 

.1086 

.H79 

.1318 

.1489 

.1750 

.2127 

.0899 
.0919 
.09 62 
.1022 
.1123 
.1250 
.1432 
.1677 
.2063 

.0843 

.0870 
• 0915 
.0978 
.1062 
.1221 

.2010 

.O88I 

.0952 

.1067 

•H95 

•i?fe 

.1642 

.1980 

.0870 

•0941 

.1060 

.1191 

.1381 

.1656 

.1942 

36.6 

25.7 

34 .2 

1.439 

. 

5.02 

0.040 

3.732 

1.028 

31.5 
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d - Rivet diameter 
p - Rivet pitch 
L - Length of pane! 


Figure /. ~ Symbols for pane! dimensions. 
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Fig. 2 





Figure 2. ' Dimensions of extrusions used for test specimens. 


Fig. 3 
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Figure 3.- Locations from which stress- strain 
specimens were cut from Y-section extrusions. 
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Fig. 4 



Figure 4.- Test specimen in testing machine 







Figure 5.- Test specimen in testing machine with 
special bearing block to permit gage wires to be 
introduced inside stiffeners. 
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Fig. 6 
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Figure 6.- A 24S-T aluminum -alloy Y-stiffened panel (on the left) 
and its 75S-T counterpart after failure. 






Fig. 7 
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Figure 7.- Design chart for 24S-T Y- panels of the proportions tested. =0.40. 
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Fig. 7 cone 
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Figure 7. ~ Concluded . 


Fig. 8 
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Figure 8.~ Design chart for 24S-T Y~ panels of the proportions tested. = 0.5! 
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Fig. 8 cone. 
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Figure 8. - Concluded . 
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Fig. 9 
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Design chart for 24S-T 


Y- panels of the proportions tested . 
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Figure 9. 


Concluded . 
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Figure tO~ Design chart for 245-T Y- panels of the proportions tested. 
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Fig. 10 cone 
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Figure tO. - Conciuded. 


Fig. 11 
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Figure //. - Design chart for 24S-T 


Y- panels of the proportions tested. =1.00. 
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Fig. 11 cone 
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Figure II. - Concluded. 


Fig. 12 
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* / 

Figure !2r Design chart for 75S-T Y-pane/s of the proportions tested, -j*-=0.40. 
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Fig. 12 cone 
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Figure !2r Concluded. 



Fig. 13 
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Figure !3r Design chart for 75S~T Y- panels of the proportions tested \ 
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Fig. 13 cone 
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Figure 13 ~ Concluded. 
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Fig. 14 cone 
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Figure /4-Conciuded . 


Fig. 15 
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Fig. 15 cone 
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Figure !5- Concluded. 


Fig. 16 
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Figure !6 -Design chart for 75S-T Y- panels of the proportions tested. 
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Fig. 16 cone 
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Figure 16.- Concluded. 


Fig. 17 
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L/Zc 

Figure 17,-Comparison of envelope curves for 24S~T 
Z~stiffened panels (from reference 2) and 
for 24S~T and 75S-T Y~ stiffened panels. 
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Figure 18, ~ Design chart for the determination of the average stress at failure that can be 
carried by minimum-weight designs of 24S-T aluminum-alloy flat 
compression panels having extruded Y- section 
stiffeners . 
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Figure 19 - Design chart for the determination of the average stress at failure that can be 
carried by minimum-weight designs of 24S-T aluminum-alloy flat 
compression panels having formed Z- section 
stiffeners . 
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carried by minimum-weight designs of flat compression panels having A/c/ad 
75S-T aluminum-alloy sheet and extruded 75S-T Y-section stiffeners . 
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Figure 21- Comparative minimum-weight designs of Y- and Z- stiffened panels. P/~ 5.0 kips per inch; c-i committee fob aeronautics 
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Figure 22 ~ Comparative minimum-weight designs of 245-T and 75S-T Y- stiffened panels. Pj =5.0 kips per inch ; c=t. committk r« ««^°utk 
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Figure 23. ~ Plot for obtaining design for maximum 

structural efficiency (minimum weight). Pj = 5.0 kips per 
inch ; L=20 inches-, c=i- t s =0.i02 inch; --=0.40. 


